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THE  WESTERN  STATES  TRAFFIC  SURVEY 

Reported  by  L.  E.  PEABODY,  Senior  Highway  Economist,  U.  S.  Bureau  of  Public  Roads 


THE  REPORT  of  a  traffic  survey  of  the  Federal-aid 
highway  system  in  the  Western  States  has  recently 
been  published  by  the  Bureau  of  Public  Roads^ 
This  survey  was  conducted  by  the  bureau  in  coopera- 
tion with  the  State  highway  departments  of  Arizona, 
California,  Colorado,  Idaho,  Nebraska,  New  Mexico, 
Nevada,  Oregon,  Utah,  Washington,  and  Wyoming. 
The  report  gives  the  essential  facts  regarding  the  present 
density,  types,  capacities,  and  distribution  of  traffic 
units  and  forecasts  of  future  traffic  as  a  basis  for  plan- 
ning highway  development  to  serve  present  and  future 
needs.  A  summary  of  the  principal  facts  brought  out 
by  the  survey  is  given  in  the  following  pages. 


Six  of  the  eleven  States  have  more  than  20  per  cent,  and 
three  States  more  than  30  per  cent  of  foreign  traffic. 
By  foreign  traffic  is  meant  travel  by  vehicles  from 
outside  the  particular  State  under  discussion. 

3.  Trucks  under  3  tons  capacity  constitute  85.5  per 
cent  of  all  truck  traffic;  more  than  50  per  cent  of  all 
trucks  operating  in  these  States  are  in  the  1  to  1^  ton 
group.  Less  than  6  per  cent  are  5-ton  or  over.  Cali- 
fornia has  the  heaviest  truck  traffic,  with  23.1  per  cent 
in  the  group  of  3  tons  and  over;  New  Mexico  has  the 
smallest  number  of  heavy  trucks,  with  5.2  per  cent 
having  capacities  of  3  tons  and  over. 

4.  Nearly  half  of  all  trucks  travel  under  80  miles  per 


On  the  Ridge  Route  in  California 


SUMMARY  OF  CONCLUSIONS 

1.  Annual  use  of  the  Federal-aid  highway  system  is 
approximately  8,400,000,000  vehicle-miles.  Intensity 
of  use  per  mile  is  greatest  in  California  and  least  in 
Nevada.  Travel  is  concentrated.  For  example,  on 
U.  S.  91  from  Springville  to  Logan,  Utah,  comprising 
6.6  per  cent  of  the  highway  mileage  of  the  State,  is 
found  more  than  40  per  cent  of  the  total  vehicle  mileage 
in  Utah,  and  more  than  40  per  cent  of  the  truck  mileage. 
In  Nevada  64  miles  of  the  Federal-aid  system  near 
Reno,  4.2  per  cent  of  the  total  in  the  State,  carries  25 
per  cent  of  the  State's  total  vehicle  mileage  and  about 
17  per  cent  of  the  truck  mileage. 

2.  Foreign  traffic  varies  from  4.9  per  cent  of  the  total 
motor  traffic  in  California  to  38.5  per  cent  in  Arizona, 
and  averages  15  per  cent  throughout  the  whole  area. 

■  Copies  may  be  obtained  from  tiie  Superintendent  of  Documents,  Government 
Printing  OfBce. 


day;  12  per  cent  travel  in  excess  of  200  miles  per  day. 
The  average  daily  travel  is  103  miles,  the  median  daily 
travel  82  miles.  The  proportion  of  foi-eign  trucks 
making  exceptionally  long  trips  to  total  foreign  trucks 
is  nearly  five  tinies  the  proportion  of  local  trucks  making 
similar  trips.  The  average  travel  of  foreign  trucks  is 
154  miles,  more  than  one  and  one-half  times  the  average 
daily  travel  of  local  trucks. 

5.  Approximately  one-half  of  all  trucks  are  city 
owned.  The  remaining  half  is  nearly  equally  divided 
among  owners  living  in  villages  (under  2,500  popula- 
tion) or  on  farms.  In  Wyoming,  a  State  with  large 
areas  of  unproductive  land  and  a  small  population 
largely  concentrated  in  villages  along  the  highways  and 
railroads,  only  23  per  cent  of  the  trucks  are  city  owned, 
34  per  cent  are  village  owned,  and  43  per  cent  are  farm 
owned.  California  is  at  the  other  extreme  with  two 
large  urban  areas  and  numerous  smaller  cities.     Here 
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Figure  1. — Highway  Map  of  U  Western  States,  Showing  Location  of  Traffic  Recording  Stations.     U.  S.  Highway 
Numbers  are  Shown  in  Bold  Numerals,  Numbers  of  Recording  Stations  in  Light  Numerals 


city-owned  trucks  are  66  per  cent  of  the  total,  and  the 
remainder  is  divided  equally  between  farms  and  villages. 
There  is  definitely  a  greater  proportionate  use  of  the 
highways  by  rural  trucks  than  by  urban  trucks. 
'^6.  The  effect  of  physical  barriers  upon  truck  traffic 
is  pronounced.  Most  foreign  trucking  originates  in 
adjoining  States. 

7.  Eighty-six  per  cent  of  all  trucks  are  operated  by 
their  owners;  contract  haulers  operate  8.7  per  cent,  and 
common  carriers  operate  5.5  per  cent  of  all  trucks. 


The  proportion  of  owner-operated  trucks  is  six  times 
that  of  commercial  trucks.  Common-carrier  trucks 
constitute  less  than  IK  per  cent  of  all  motor  traffic. 
Approximately  80  per  cent  of  common  carriers  are 
engaged  in  intrastate  hauling.  Variation  in  demand 
for  common-carrier  service  among  the  States  is  de- 
pendent mainly  upon  the  variations  in  density  and 
distribution  of  population  within  the  area,  and  upon 
the  amount  of  registration  fee  charged  by  the  State. 
A  comparison  of  common-carrier  traffic  with  the  num- 
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ber  of  such  carriers  registered  indicates  an  intensity  of 
usage  of  common  carriers  about  four  times  that  of  all 
trucks. 

8.  Approximately  57  per  cent  of  all  passenger  cars 
travel  less  than  140  miles  per  day;  4  per  cent  travel 
400  miles  or  more  per  day.  The  average  daily  mileage 
of  passenger  cars  is  nearly  50  per  cent  greater  than  the 
average  daily  mileage  of  trucks.  The  average  daily 
travel  of  foreign  passenger  cars  is  nearly  double  that 
of  local  passenger  cars.  Ten  per  cent  of  foreign  pas- 
senger cars  travel  over  400  miles  per  day. 

9.  In  bat  three  States,  Nebraska,  Nevada,  and 
Wyoming,  does  the  proportion  of  city-owned  passenger 
cars  fall  below  50  per  cent;  in  California  the  propor- 
tion is  73.2  per  cent.  In  the  whole  area  city-owned 
passenger  cars  constitute  61  per  cent.  A  comparison 
of  truck  and  passenger  car  situs  of  ownership  indicates 
that  in  every  State  the  proportion  of  city-owned  cars 
is  much  higher  than  that  of  city-owned  trucks.  City- 
owned  cars  travel  an  average  of  169  miles  per  day; 
village-owned  cars,  129  miles  per  day;  farm-owned 
cars,  99  miles  per  day. 

10.  Passenger-car  trafFic  is  less  affected  than  truck 
traffic  by  difficult  topography  or  climate.  More  than 
one-seventh  of  the  foreign  passenger-car  traffic  in  the 
Western  States  originates  east  of  the  Mississippi  River. 

11.  The  number  of  passengers  per  car  averages  2.42, 
with  slight  variation  in  the  average  among  individual 
States.  Nearly  two-thirds  of  all  passenger  cars  carry 
either  one  or  two  passengers. 

12.  The  Federal-aid  highways  of  the  11  States  were 
classified  upon  the  basis  of  present  traffic  and  traffic 
forecasts  for  1935  and  1940.  Routes  or  sections  of 
routes  carrying  1,500  or  more  motor  vehicles  per  day 
are  classed  as  major  routes,  those  carrying  600  to 
1,500  per  day  as  intermediate  routes,  and  those  carrying 
less  than  600  vehicles  daily  are  classed  as  minor  routes. 
The  routes  or  sections  of  routes  are  grouped  in  this 
way  on  the  basis  of  observed  1930  traffic,  and  the 
estimated  traffic  for  1935  and  1940  is  employed  in  a 
similar  manner  to  indicate  the  probable  classification 
in  those  years. 

Slightly  over  1 1  per  cent  of  the  Federal-aid  highways 
carried  over  1,500  motor  vehicles  per  day  in  1930. 
Nearly  one-half  of  the  mileage  classed  as  major  lies  in 
the  State  of  California,  about  one-fifth  is  located  in 
Washington,  and  the  remainder  is  scattered  mainly  in 
short  sections  throughout  the  other  States. 

Eighteen  per  cent  of  the  mileage  carried  between  600 
and  1,500  motor  vehicles  per  day  in  1930,  about  one- 
quarter  of  which  was  in  the  State  of  Nebraska,  with 
nearly  as  much  mileage  of  intermediate  classification 
in  California. 

The  remaining  66  per  cent  of  the  classified  mileage 
carried  less  than  600  motor  vehicles  per  day  in  1930. 
Five  per  cent  of  the  Federal-aid  system  could  not  be 
classified. 

In  1935  the  respective  mileage  classifications  are 
expected  to  be  as  follows:  major  14  per  cent;  inter- 
mediate, 22  per  cent;  minor,  59  per  cent.  The  expected 
classification  for  1940  is  as  follows:  major,  16  per  cent; 
intermediate,  25  per  cent;  minor  54  per  cent. 

THE  METHODS  OF  THE  SURVEY  DESCRIBED 

The  traffic  survey  was  begun  in  September,  1929,  in 
all  States  except  Washington  and  Nevada,  where  field 
operations  were  instituted  in  October  and  November, 
respectively.  Traffic  data  was  recorded  at  899  points 
in  the  11  States  with  locations  as  shown  in  Figure  1. 


In  addition  to  counting  the  volume  of  traffic  in  each 
classification  of  vehicles  and  upon  each  route,  field 
men  stopped  each  motorist  and  distributed  franked 
cards  which  were  returned  to  the  Bureau  of  Public 
Roads.  By  means  of  these  cards  information  was 
obtained  regarding  the  day's  mileage  traveled,  the  origin 
and  destination  of  the  vehicle,  the  number  of  passengers 
carried,  the  capacity  of  trucks,  the  situs  of  ownership 
(farm,  village,  or  city)  and  the  State  of  registration. 
During  the  last  three  months  of  field  operations  traffic 
recorders  questioned  drivers  of  trucks,  obtained  the 
names  of  owners,  classified  them  as  owner-operators, 
contract  haulers  or  common  carriers,  and  determined 
whether  operations  were  interstate  or  intrastate.  Busses 
were  classified  simply  as  interstate  or  intrastate. 

DETAILED  TRAFFIC  DATA 

The  average  daily  traffic  upon  the  highways  in  the 
Western  States  is  presented  graphically  in  Figure  2. 
In  the  Pacific  Coast  States  is  found  the  largest  mileage 
of  highway  carrying  over  1,500  motor  veliicles  per  day, 
totaling  more  than  3,000  miles.  The  traffic  on  U.  S. 
Highway  99  is  continuously  above  1,500  vehicles  per 
day  from  Indio  to  Sacramento  and  from  Eugene, 
Oreg.,  to  Ferndale,  Wash.,  throughout  more  than  two- 
thirds  of  its  entire  length.  Between  Los  Angeles  and 
Bakersfield  there  is  an  average  of  300  trucks  per  day. 
The  transportation  of  oil-weU  supplies  to  the  oil  fields 
near  Bakersfield,  and  of  cotton,  hay,  and  milk  to  Los 
Angeles  make  this  an  extremely  important  section  from 
the  standpoint  of  weight  of  traffic.  In  addition  to  the 
long-haul  truck  traffic  on  U.  S.  99  between  northern 
and  southern  California,  there  is  a  great  deal  of  local 
trucking  between  the  cities  of  the  densely  populated 
San  Joaquin  Valley.  From  Bakersfield  north  to  Stock- 
ton the  average  daily  volume  of  trucks  varies  from  400 
immediately  north  of  Bakersfield  to  more  than  1,000 
trucks  per  day  at  Fresno.  The  average  daily  travel  of 
trucks  on  tliis  route  is  140  miles  and  the  median  daily 
travel  120  miles,  considerably  higher  than  the  average 
and  median  for  all  trucks  in  CaUfornia. 

Approximately  one-half  the  mileage  of  U.  S.  101, 
between  San  Diego  and  Healdsburg,  Cahf.,  and  a  few 
short  sections  near  cities,  carries  1,500  or  more  motor 
vehicles  per  day.  The  greatest  volume  of  truck  traffic 
is  found  south  of  Los  Angeles  between  that  city  and 
Whittier,  a  total  of  nearly  1,400  trucks  per  day  passing 
over  this  section,  of  which  more  than  350  are  trucks  of 
greater  than  3-ton  capacity.  The  greater  portion  of 
this  traffic  is  local,  as  the  number  of  trucks  decreases 
rapidly  south  of  Whittier,  but  the  average  between 
Whittier  and  vSan  Diego  is  about  400  trucks  per  day,  and 
the  number  of  heavy  trucks  is  but  slightly  less  than  100 
per  day.  The  average  and  median  daily  mileage  trav- 
eled by  trucks  on  this  route  between  Los  Angeles  and 
San  Francisco  are  120  and  100  miles,  respectively. 

Colorado  has  more  than  300  miles  of  highway  with  a 
density  of  1,500  or  more  vehicles  daily,  the  mileage  being 
distributed  over  sections  of  several  routes — U.  S.  85, 
Pueblo  to  Greeley;  U.  S.  50,  La  Junta  to  Pueblo;  and 
U.  S.  285,  Denver. to  Fort  Collins.  These  sections  form 
a  continuous  route  with  traffic  of  tliis  volume  from  La 
Junta  to  Greeley  via  Denver,  and  from  Denver  to  Fort 
Collins. 

With  the  exception  of  a  section  from  Provo  to  Brig- 
ham,  Utah,  104  miles  in  length,  and  a  few  short  sections 
near  the  cities  of  Arizona,  Idaho,  Nebraska,  Nevada, 
and  New  Mexico,  the  remainder  of  the  mileage  carries 
less  than  1,500  motor  vehicles  per  day. 
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Figure  2. — Average  Daily  Density  of  Traffic  on  the  Highways  of  the  Western  States,  1929-1930 


FOREIGN  TRAFFIC 


The  percentage  of  foreign  traffic  wittiin  each  State  is 
given  in  Table  1 .  Tliese  percentages  are  the  ratio  of 
foreign  vehicle-miles  to  total  vehicle-miles.  It  should 
be  noted  that  a  small  percentage  does  not  necessarily 
indicate  a  small  volume  of  foreign  traffic. 

The  average  daily  flow  of  foreign  traffic  for  all  States 
is  shown  graphically  in  I^'igure  3.  A  comparison  of  the 
traffic-flow  ma])  (fig.  2)  with  the  foreign  trafhc-flow  map 
(fig.  3)  reveals  some  interesting  contrasts.  On  U.  S.  80 
at  the  California-Arizona  line,  the  volume  of  foreign 
traffic  on  the  Arizona  side  is  half  again  as  large  as  that 
upon  the  California  side  of  the  border,  because  of  the 


Table  1. — Average  daily  foreign  traffic  in  Western  States,  ex- 
pressed in  vehicle-miles  and  in  percentage  of  average^Jotal  daily 
traffic 


State 

■    State 

Daily 
foreign 
vehicle- 
miles 

Percent- 
age of 
total 

vehicle- 
miles 

Arizona 

California 

Colorado 

Idaho  .--  -.- 

347, 000  1            38.  5 
412,000  1              4.9 
331,000  1             14.9 
220,000  1             22.4 
303,000                12.7 
90,000               31.0 

New  Mexico 405,000 

Oregon '    434,000 

Utah :     IIR.OOO 

Washington 358.000 

37.  & 
22.1 
14.3 
11.4 

Wyoming    

239. 000 

28.5 
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'_T     WIDTH  EQUALS  500  VEHICLES 


Figure  3. — Average  Daily  Density  of  Foreign  Traffic  in  the  Western  States,  1929-1930 


large  number  of  cars  from  the  latter  State  traveling-  to 
Yinna.  Still  more  noticeable  are  the  changes  in  volume 
of  foreign  traffic  on  U.  S.  99  as  it  passes  the  California- 
Oregon  and  Oregon-Washington  boundaries.  At  the 
CaHfornia-Oregon  line  local  traffic  from  California  to 
Ashland  and  Grants  Pass  increases  the  volume  of  foreign 
traffic  in  Oregon  to  approximately  twice  that  in  Cali- 
fornia, while  at  the  Oregon-Washington  fine  local  traffic 


from  Vancouver,  Wash.,  to  Portland,  Oreg. 
sible  for  a  foreign  density  in  Oregon  more 
times  that  in  Washington.  Tliis  latter  diff 
those  in  the  immediate  vicinity  of  the  Or 
border  near  Weiser  and  Ontario,  Idaho,  are 
upon  the  map,  as  the  sections  are  short  in 
large  in  width,  and  to  show  them  would  so 
map  as  to  blot  out  other  imi)ortant  data. 


,  IS  respon- 
than  three 
erence  and 
egon-Idaho 
not  shown 
length  and 
distort  the 


PUBLIC    ROADS 


Vol.  13,  No.  1 


VARIATIONS  IN  TRAFFIC  DENSITY 

Traffic  density  varies  from  the  averages  of  the  flow 
maps  on  any  particiUar  day,  or  during  the  various 
seasons  of  the  year  and  is  abnormally  high  because  of 
fairs,  football  games,  or  other  sporting  events  producing 
exceptional  movement.  Aside  from  such  abnormal 
movements,  traffic  density  reaches  its  normal  maximum 
during  the  month  of  August  in  all  States  except  Arizona, 
where  the  month  of  heaviest  travel  is  March,  and  in 
Utah,  where  September  is  the  month  of  maximum 
traffic.  A  more  valuable  picture  of  the  variation  by 
seasons  of  the  year,  and  one  which  does  not  accentuate 
the  extremes,  is  given  bj^  the  ratio  of  the  average  traffic 
during  the  six  months  of  heaviest  traffic  to  that  during 
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-COMPARISON  OF  SuMMER  AND   WiNTER  TrUCK 

Traffic 


the  six  months  of  lightest  traffic.  The  ratios  of  summer 
to  winter  traffic  are  presented  by  States  for  passenger 
cars  and  trucks  separately  in  Figures  4  and  5.  These 
data  bring  out  very  sharply  the  effect  of  climatic 
differences  upon  traffic  flow;  for  example,  Arizona's 
passenger-car  traffic  varies  but  7  per  cent  between 
winter  and  summer,  while  Wyoming's  severe  winters 
are  reflected  in  an  89  per  cent  variation  between  the 
two  seasons.  For  truck  traffic  the  figures  are  some- 
what similar,  although  the  comparison  of  truck  traffic 
at  different  seasons  is  seriously  affected  by  the  presence 
or  absence  of  large  population  centers  or  industrial 
areas.  Truck  traffic  is  less  responsive  to  seasonal 
changes.  The  extreme  seasonal  variation  is  best  illus- 
trated by  Wyoming's  passenger-car  traffic,  which  shows 
an  increase  of  247  per  cent  from  January  to  August. 

U.  S.  87,  north  of  Moran,  Wyo.,  illustrates  the  effect 
of  winter  conditions  upon  traffic  flow.  Here  the  aver- 
age daily  density  for  the  winter  season  is  but  8  per  cent 
of  that  for  the  entire  year.  The  flow  of  traffic  into 
Yellowstone  Park  during  the  summer  months  tends  to 
raise  the  yearly  average  and  depress  proportionately  the 
winter  average.     U.  S.  50,  south  of  Glenbrook,  Nev.. 


and  U.  S.  191,  north  of  Trude,  Idaho,  are  other  examples. 
On  U.  S.  10,  north  of  Virden,  Wash.,  the  winter  ratio  is 
but  25  per  cent  of  the  yearly  average,  because  of  winter 
traffic  avoiding  Biewett  Pass. 

In  some  portions  of  the  southern  States  of  this  group 
the  situation  is  reversed  and  average  winter  traffic 
exceeds  the  annual  average  by  as  much  as  26  per  cent. 
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-Comparison  of  Sunday'  and  \Yeek-Day  Truck 
Traffic 


A  high  winter  average  may  be  due  to  causes  other  than 
travel  of  winter  tourists;  for  example,  on  U.  S.  180, 
east  of  Silver  City.,  N.  Mex.,  truck  traffic  to  copper 
mines  tends  to  keep  the  winter  average  high. 

Passenger-car  traffic  is  greater  on  Sunday  than  on  any 
other  day  of  the  week  in  all  States,  while  truck  traffic 
is  less  on  Sunday  in  every  State.  The  ratios  of  Sunday 
to  average  week-day  traffic  are  given  for  passenger 
cars  and  trucks  in  Figures  6  and  7. 

TRUCK  TRAFFIC 

Highway  design  and  location  are  dependent  not  only 
upon  the  volume  of  traffic  to  be  served,  but  also  upon 
the  unit  weight  of  tliis  traffic.  In  problems  which 
concern  the  free  movement  of  traffic,  such  as  the  width 
of  pavement,  the  necessity  for  parallel  routes,  or  the 
elimination  of  grade  crossings  and  "bottle  necks," 
density  of  traffic  is  the  most  important  factor.  In  the 
problems  of  designing  the  section  or  of  selecting  the 
most  economical  pavement,  weight  of  traffic  as  well  as 
density  must  be  considered.  A  relatively  small  high- 
way mileage  in  each  State  carries  the  greatest  amount  of 
heavy  trucking.  Truck  traffic  upon  the  liighwiiys  of 
the  11  States,  including  the  average  daily  density  of 
trucks  with  capacities  of  3  tons  and  over,  is  presented 
graphically  in  Figure  8. 

Light  trucks  are  far  more  numerous  than  those  of  any 
other  type  on  the  liighways  in  the  Western  States. 
Trucks  ranging  from  1  to  Iji  ton  capacity  form  the  most 
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WIDTH  EQUALS  500  TOTAL  TRUCKS 
I  TO  24  HEAVY  TRUCKS 
25  TO  99  HEAVY  TRUCKS 
WB^^  100  OR  MORE  HEAVY  TRUCKS 

NOTE     HEAVY  TRUCKS  INCLUDE  VEHICLES  OF  3-TON  CAPACITY  OR  MORE 

Figure  8. — Average  Daily  Density  op  Truck  Traffic  in  the  Western  States,  1929-1930,  Including  Density  of  Heavy 
Truck  Traffic.  Width  Between  Lines  Indicates  Density  of  Total  Truck  Traffic  and  Symbols  Indicate  Density 
OP  Heavy-Truck  Traffic 


important  group  in  all  States  of  the  survey,  and  repre- 
sent more  than  50  per  cent  of  all  trucks  oiierating  in 
these  States.  The  use  of  very  Ught  delivery  trucks 
and  of  trucks  of  slightly  greater  than  l}^-ton  capacity  is 
also  extensive,  trucks  of  less  than  1-ton  capacity  form- 
ing 14.2  per  cent  and  trucks  of  2  to  2%  ton  capacity 
forming  17.6  per  cent  of  all  trucks.  Light  trucks  of 
less  than  3-ton  capacity  comprise  85.5  per  cent  of  all 


trucks.  Trucks  of  greater  than  3-ton  capacity,  while 
comprising  but  14.5  per  cent  of  all  trucks,  are  far  more 
important  from  the  standpoint  of  highway  design. 
Table  2  gives  in  detail  the  relative  number  of  trucks  of 
the  various  capacities  observed  on  the  highways  of  each 
State  and  also  the  combined  percentages  for  the  total 
number  of  trucks  observed.  These  percentage  distri- 
butions are  shown  graphically  in  Figure  9.     The  largest 
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CAPACITY  GROUPS   IN   TONS 

Figure  9. — Percentage  Distribution  of  Truck  Traffic  by  Capacity.     Total  Truck  Traffic  in  Each  State  Repre- 
sents 100  Per  Cent 
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group  in  every  instance  is  the  1  to  1}^  ton  group,  but 
there  are  significant  differences  in  the  relative  impor- 
tance of  hght  and  heavy  trucks  in  different  States.  The 
relative  use  of  heavy  trucks  is  greatest  in  Cahfornia,  23.1 
per  cent,  and  least  in  New  Mexico,  the  percentage  being 
5.2.  Other  States  where  the  relative  use  of  heavy 
trucks  is  higher  than  the  average  are  Washingtoti, 
Nevada,  and  Oregon;  in  Arizona,  Colorado,  and  Idaho 
the  percentage  of  heavy  trucks  is  slightly  less  than  the 
average.  There  is  considerably  less  than  the  average 
percentage  of  heavy  trucks  in  Nebraska,  Utah,  Wyo- 
ming and  New  Mexico. 


An  indication  of  the  daily  mileages  traveled  by  trucks 
is  obtained  by  a  comparison  of  the  average  and  median 
daily  mileage  of  trucks  (Table  3).  The  arithmetic 
average  for  all  States  is  103  miles,  but  this  average  is 
heavily  weighted  by  a  small  number  of  trucks  which 
make  unusually  large  daily  mileages.  Daily  mileage  is 
the  distance  traveled  per  day  and  is  not  the  distance 
from  a  single  origin  to  a  single  destination  during  tluit 
day.  The  median  daily  mileage,  a  distance  so  com- 
puted that  one-half  of  all  trucks  travel  less  and  one-half 
travel  more  than  this  distance,  is  unaffected  by  the 
smaller  number  of  vehicles  which  make  longer  daily 


Truck  Traffic  on  Western  Highways 


Table  2. — Percentage  distribution  of  trucks  by  capacity 


Capacity  group 
(tons) 


VitoH 

1  tolH --- 

2to2H 

3to3M - 

4to4K 

5to5J^ 

6  to6H --- 

7  to  7}^ 

Over  7}^. 

Total 


100.0 


16,8 
41.8 
18.3 
9.7 
2.2 
4.5 
1.8 
.4 
4.5 


100.0 


O 

13.7 

59.8 

14.8 

5.1 

.8 

3.3 

1.7 

.3 

.5 


100.0 


14.8 
57.7 
14.0 

5.41 
1.4l 
6.  2l 

•  4; 

•  1| 
0 


fi5.  0 
17.1 
fi.O 
1.0 
.8 
.2 
.1 
.4 


100.0,100.0 


Ifi.O 
63.8 
15.0 
2  9 
.8 
.8 
.2 
.1 
.4 


100.0 


20.5 

45.6 


100.0 


6,7 

56,4 

20,3 

9,1 

1,5 

3,6 

.7 

,3 

l,4i 


29.6 

47.6 

13.1 

5.7 

1.3 

2  3 

0 

,2 

■,2 


ioo,o!ioo.o 


20,2 

44,4 

17,9 

6,9 

2  2 

5.2 

1.7 

.8 

.7 


100.0 


14.2 

53.7 

17.6 

7.3 

1.4 

3.2 

.11 

.3 

1.4 


100.  0  100. 0 


sua 

/[MARY  OF  LIGHT  AND  HEAVY  TRUCKS 

Under  3  tons 

3  tons  and  over. .. 

86.4 
13.6 

lOO.O 

76.9 
23.1 

100.0 

88.3 
11.7 

86.  5 
13.5 

91.5    94.8 
8.  5      5. 2 

100. 0  100. 0 

82  S 
17.2 

83.4 
16.6 

100.0 

90.3 
9.7 

82  5 
17.5 

92  4 
7.0 

85.5 
14.5 

Total 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.  0 

mileages  and  hence  is  a  better  measure  of  the  average 
daily  mileage.  The  median  for  all  States  is  82  miles, 
21  miles  shorter  than  the  arithmetic  mean.  While  SO 
miles  is  not  usually  considered  a  short  haul,  it  must  be 
remembered  that  this  distance  is  the  mileage  per  day 
on  rural  highways,  and  that  it  usually  represents  one 
or  more  round  trips  from  origin  to  destination. 

There  is  an  important  long  daily  movement  reflected 
by  the  12  per  cent  of  all  trucks  which  travel  distances 
in  excess  of  200  miles  per  day. 

Only  one-third  of  all  foreign  trucks  travel  less  than 
100  miles  per  day;  fully  one-third  travel  from  100  to  200 
miles;  while  one-fifth  travel  between  200  and  300  miles; 
and  one-tenth  exceed  300  miles  per  day.  As  but  2.3 
per  cent  of  local  trucks  exceed  300  miles  per  day,  the 
proportion  of  foreign  trucks  making  exceptionally  long 
trips  to  total  foreign  trucks  is  more  than  four  times  the 
proportion  of  local  trucks  making  similar  trips. 
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Table  3. — Arera 

gc  '  and 

median  -  daily 

mileage  of  tru 

:A-s 

Foreign 

Local 

All  trucks 

stale 

Average 
mileage 

Median 
mileage 

146 
1B2 
150 
133 
132 
142 

im 

125 
130 

Average 
mileage 

Median 
mileage 

Average 
mileage 

Median 
mileage 

\rizona                      -  

170 
181 
1()8 
147 
153 
153 
136 
145 
155 

96 
100 
U3 
90 
109 
89 
76 
101 
97 
89 
87 

75 
85 
74 
70 
93 
73 
63 
80 
82 
74 
71 

109 
107 

98 
100 
114 
103 

87 
106 
102 

92 

97 

82 

85 

77 

Idaho - 

Nebraska 

New  ]\Te\ico           -  .  

78 
97 

82 

69 

83 

Utah                    ..     

87 

Washington 

142  i           120 
155             138 

75 

Wyoming                 -     - 

70 

All  survey  States 

151 

137 

9S 

78 

103 

S2 

'  Arithmetic  average  of  daily  mileages  of  vehicles. 

''  A  distance  so  chosen  that  one-half  of  the  vehicles  travel  more  than  tliis 
in  a  day  and  one-half  travel  less. 


(lislatice 


Rural  population,  detiued  by  the  Bureau  of  the  Cen- 
sus to  include  the  population  of  villages  under  2,500  as 
well  as  the  population  actually  on  farms,  comprises  42,7 
per  cent  of  the  total  population  of  the  1 1  States.  Trucks 
of  rural  ownership,  as  above  defined,  were  found  to  in- 
clude 58.3  per  cent  of  all  trucks  on  the  highway  system. 
Urban  population,  57.3  per  cent  of  the  total,  is  rei)re- 
sented  i:)y  46.7  per  cent  of  all  trucks  using  the  highways. 
Thus  there  is  definitely  a  greater  proportionate  use  of 
the  highways  by  rural  trucks  than  by  urban  trucks. 
This  relationship  holds  for  all  States  of  the  survey  in 
varying  degree,  except  in  Arizona,  New  Mexico,  and 
Idaho,  where  the  proportion  of  rural  trucks  is  less  than 
the  proportion  of  rural  population.  In  these  tliree 
States  there  is  a  large  proportion  of  foi'eign  trucks  which 
undoubtedly  increase  the  percentages  of  city-owned 
trucks,  since  the  majority  of  long-distance  interstate 
trucking  lines  are  city  owned. 

Approximately  half  of  Arizona's  foreign  truck  trafiic 
originates  in  southern  California,  while  a  large  pai't  of 
the  remainder  is  contributed  by  El  Paso,  Tex.  In 
New  Mexico  one-half  the  foreign  truck  traffic  originates 
in  Texas,  clearly  indicating  the  iniluence  of  EI  Paso, 
wdiile  Colorado  also  contributes  a  large  share  via 
Walsenburg  and  Trinidad.  The  ])roximity  of  the 
cities  of  Salt  Lake  City,  Brigham,  and  Ogden  in  Utah, 
and  Spokane,  Wash.,  raises  the  percentage  of  city-owned 
trucks  traveling  upon  Idaho  highways. 

FORECASTS  OF  HIGHWAY  TRAFFIC  IN  THE  WESTERN  STATliS 

Planned  highway  construction — widening,  new  con- 
struction, or  reconstruction  of  old  routes  and  i)ave- 
ments — must  ])rovide  for  futiu'e  use  as  well  as  for  ijresent 
traffic. 

There  is  little  ciuestion  as  to  the  desirability  of  the 
higher  types  of  pavement,  but  funds  necessary  for  the 
universal  construction  of  such  types  are  not  now  avail- 
able. Roads  that  are  too  highly  improved  are  as  un- 
economic as  those  that  are  inadequate  for  traffic  de- 
mands. Because  of  this  fact,  estimates  of  future  trafiic 
are  essential  in  the  development  of  a  ])lan  of  highway 
improvement. 

Traffic  forecasts  based  solely  on  past  traffic  trends  can 
not  generally  be  made,  as  reliable  traffic  data  for  a 
series  of  years  are  available  only  in  a  few  States. 
Limited  past  traffic  data  may  be  used  in  a  reasonable 
forecast  of  probable  future  traffic  where  the  factors  of 
population,  registration,  and  gasoline  consumption  are 
available.  Since  these  needed  factoi-s  are  obtainable  in 
all  the  Western  States,  a  means  of  estimating  the  i)rob- 


able  future  traffic  in  each  is  present,  even  though  no 
traffic  series  is  available. 

Traffic  forecasts  in  previous  reports  of  the  Bureau  of 
Public  Roads  ^  were  based  on  estimates  of  registration 
and  j)opulation.  Trends  of  traffic  and  motor  vehicle 
registration  were  shown  for  Massachusetts,  Maryland, 
Maine,  Michigan,  and  Wisconsin.  Registration  was 
estimated  by  projecting  the  trend  of  persons  per  car. 
This  method  was  used  in  forecasting  probable  registra- 
tion in  the  Western  States. 


MBiiiianrT'*'^*^ 


Heavy  Tkaffic  on  Califohnia  60  North  of  Santa  Monica 
Canyon  in  Los  Angeles  County 

Gasoline  consumption  is  more  closely  related  to  vol- 
ume of  traffic  than  is  registration,  but  statistics  of  gaso- 
line consumption  can  be  obtained  only  for  very  recent 
years,  since  the  institution  of  a  fuel  tax.  It  was  there- 
fore necessary  to  use  a  combination  of  these  several 
factors. 

Increased  travel  per  car  and  the  amount  of  use  of  a 
State's  highways  by  foreign  vehicles  are  both  rcfiectcd 
in  increased  gasoline  consumption  within  that  State, 
although  the  motoi'-vehicle  registration  of  the  State  is 
not  affected  by  either  of  these  factors.  Numerous 
agencies  of  the  motor-vehicle  industry  have  pidilished 
statements  regarding  the  increasing  use  per  car,  some 
indicating  an  increased  mileage  per  car  for  1930  more 
than  60  per  cent  greater  than  in  1920,  and  these  con- 
clusions are  supported  by  figures  of  increased  fuel 
consumption  per  car. 

The  survey  in  the  Western  States  (see  Table  1 )  dis- 
closes that  the  range  of  foreign  traffic  is  from  4.9  per 
cent  of  all  traffic  in  California  to  38.5  and  37.6  per  cent 
in  Arizona  and  New  Mexico,  respectively.  The  median 
State  is  Oregon,  w'ith  22.1  per  cent  of  its  traffic  originat- 
ing outside  its  boundaries.     Only  California  has  less 

2  Report  of  a  Survey  of  Transportation  on  the  State  Highway  System  of  Ohio, 
(1927);  Report  of  a  Survey  of  Transportation  on  the  State  Highway  System  of  Con- 
necticut (1926);  The  Maine  Highway  Transportation  Survey,  Public  Roads,  vol.  6, 
No.  3,  .May.  1925. 
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than  10  per  cent  foreign  traffic,  while  more  than  one- 
third  of  all  traffic  in  Arizona  and  New  Mexico  comes 
from  other  States. 

RELATIONSHIP  OF  GASOLINE  CONSUMPTION,  KEGISTRATION,  AND 

TRAFFIC 

Since  1925  and  1926  gasoline  consumption  has 
increased  more  rapidly  than  registration  in  the  Western 
States,  as  well  as  in  the  United  States  as  a  whole. 
This  IS  clearly  illustrated  in  Figure  10,  in  which  the 
historical  series  of  gasoline  consumption,  registration, 
and  traffic  have  been  plotted  on  logarithmic  scale  and 
moved  together  vertically  to  facilitate  comparison  of 
the  rates  of  increase  in  two  of  the  Western  States. 

Traffic  data  for  the  period  1923  to  1929  are  available 
in  Oregon.  During  this  period  I'egistration  in  Oregon 
has  increased  64.2  per  cent;  traffic,  101.2  per  cent;  and 
gasoline  consumption  by  motor  vehicles,  104.4  per  cent. 
If  1929  is  taken  as  the  base  year  the  percentage 
increases  are  as  follows:  liegistiation,  39.1  per  cent; 
traffic,  50.3  per  cent;  gasoline  consumption,  51.1  per 
cent.  (Table  4.)  It  will  be  found  by  reference  to 
Figure  10  that  for  the  years  from  1920  to  1924  the 
trends  for  motor  vehicle  registration  and  giisoline 
consumption  are  veiy  similar.  In  1924  these  sei'ies 
begin  to  separate  and  the  divergence  continues  to 
increase  with  the  registration  trend  falling  off  wliile 
that  of  gasoline  consumption  continues  to  climb  with 
the  traffic  trend. 

T.'VBLE  4. — Com jxirition     of     motor     rrliiclr     rrglslrolioii,     </(i.^i>liiir 
consinnplioii,  and  hightvay  traffic  in  Urcf/oii,  10JS~ll)j:j 


YvM- 

lii'iri.s- 
tration  ' 

Indpx          Oasolinc 

Tnilcx 
iiuiiihcr 

Ti-allic 

iTi.lcx 
niiniliiT 

1923 

1924 

1925 

l(if),412 
192,  fi29 
210,  5.53 
234,  134 
245,  705 
254,415 
273,  270 

100.  0  :       74,  .395,  202 
115.8         8fi,  212.032 

130.1  99,  718, . '545 
140.7        111.739,583 
147.7        122,979,(124 
1.52.  C  i     134,228,921 

104.2  1     152,079,099 

100.0 
1 15.  9 
134.0 
150.  2 
105.  3 
180.4 
204.4 

80,  931 
110,891 
120,  893 
137,431 
140,  257 
IKi.  934 
174.  871 

100.0 
127.  0 
139.  1 

1926 

1927 

1928 

1929 

l.W.  1 
108.2 
ISS.  0 

201.2 

1  As  reported  to  U.  S.  Bureau  of  Public  Road.';  by  .State  oflRcials.     In  .some  instances 
a  revision  has  been  made  of  tlic  figure  originally  reported  in  annual  tabulations. 

California  has  a  5-year  series  of  traffic,  gasoline  con- 
sumption, and  registration.  Figure  10,  presents  trends 
of  these  factors.  Here  again  the  trends  of  gasoline 
consumption  and  traffic  are  very  similar,  while  the  regis- 
tration curve,  as  in  Oregon,  is  lower  since  1926.  During 
these  five  years,  1926  to  1930,  traffic  increased  39.3  per 
cent;  registration  27.5  per  cent;  and  gasoline  consump- 
tion 40.9  per  cent.  If  1930  is  used  as  a  base  year,  the 
increases  are  as  follows:  Traffic,  28.2  per  cent;  regis- 
tration, 21.6  per  cent;  and  gasoline  consumption, 
29.0  per  cent.  Al^solute  tmd  ])ercentage  figures  are 
shown  in  Table  5.  Further  reference  to  California, 
(fig.  10)  brings  out  the  interesting  fact  that  during 
1924,  1925,  and  1926  gasoline  consumption  and 
registration  trends  were  very  much  alike,  but  since  1926 
they  have  diverged.  Again  the  gasoline  consumption 
trend  follows  more  closely  that  of  traffic. 

All  of  the  divergence  of  registration  from  traffic  and 
gasoline  consumption  trends  would  not  be  accounted 
for  by  foreign  traffic  alone,  since  it  amounts  to  but  4.9 
per  cent  of  all  traffic  in  California.  The  greater  use  of 
the  automobile  throughout  the  year  is  another  factor 
that  is  reffected  in  increased  gasoline  consumption. 

Table  6,  based  on  data  for  the  State  of  Louisiana, 
further  illustrates  the  fact  that  traffic  is  increasing  at  a 


Table  .5. — Comparison    of     motor    vcliirlr    rryi.slration,    (/nsolinc 
consumption,  awl  higlucay  irajjic  in  California,  l!),il!   in.ii) 


Year 


1920. ^_ 
1927__. 
1928. _. 
1929... 
1930... 


Kenistra- 
tion 


1.  (;00.  475 
1,093,195 
1,799,890 
1,  974,  341 
2,041.350 


Index 

number 

100.  n 

1 05.  8 

112.5 

123.  t 

127.5 

Oa.soline 

consumi)tion 

(.gallons) 


825.  100,  109 

928.  724,  702 

985.  558,  974 

I,  139,730,244 

1.  102.  337.  545 


Index 
number 


100.0 
112.0 
1 19.  5 
1 38.  I 
140.  9 


Trallic  ' 


1,751,799 
2,  003,  203 
2,  188,741 
2.  293,  720 
2,  440,  000 


Index 
number 


100.0 
114.  1 
124.9 
130.9 
1.39.3 


1  This  series  is  an  average  of  Sunday  and  Monday  tradic  in  .fanuary  at  .583  stations. 
In  January,  1930,  an  unusually  heavy  snow  closi-cl  manv  road.s  during'tlie  trallic  couiU 
Sunday  traffic  decreased  more  than  20  iier  cent,  but  Mondav  traffic,  witli  the  .same 
roads  closed,  showed  an  increase  over  the  previous  vcar.  .\  slightly  lower  rale  of 
increase  than  that  of  July,  1930,  over  July,  1929,  trallic  was  used  to  "interpolate  tlie 
January,  1930,  figure.  Had  the  full  rate  of  increase  in  Julv  trallic  been  applied,  the 
index  number  for  traffic  in  1930  would  have  tiecn  clo.ser  to  the  gasoline  consumiition 
index  of  140.9.  i.  c.,  140  3  inslead  of  13'.;. 3. 


TRAFFIC 

j^ 

^y" 

1 

gasoline:  consumption 

U 
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,J 

^^ 

e^ 

^  lA 
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y 

^ 

J 

€f^' 

A 
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^ 

^^ 

^ 

<- 

c 

V^ 
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Figure  10. — Trends  of  Highway  Traffic,  Ga.soline 
Consumption,  and  Motor  Vehicle  Registration  in 
Oregon  and  California.  The  Vertical  S('\le  is  Log- 
arithmic AND  the  Curves  Have  Been  Moved  Together 
Vertically  for  Comparison  of  Rates  of  Increase 

faster  rate  than  registration.  It  should  be  noted  that 
gasoline  figures  in  Loiusiana  do  not  represent  gallons  of 
gasoline  consumed  by  motor  vehicles  as  in  Oregon  and 
California,  but  total  gallons  for  all  purposes.  Louisiana 
traffic  increased  25.2  per  cent  from  1926  to  1930. 
Registration  increased  14.9  per  cent  and  gasoline  con- 
sumption increased  36.4  per  cent.  Fragmentary  data 
from  Nebraska,  where  a  small  number  of  traffic  stations 
were  operated  at  changing  locations  from  1926  to  1930, 
indicate    closer    agreement    in     rates    of    increase    of 

Table  6. — Comparison     of    motor    rrliiclr    rcijislralion,    (jasolinc 
consumption,  and  Irii/hirai/  Iraffir  in.  Louisiana,  U)2H-  1030 


Year 


192R. 
1927- 
1928- 
1929. 
1930. 


Kegistra- 

Index 

tion 

ninnbor 

239,  500 

100.0 

255,  000 

100.5 

204,  293 

no.  4 

280,  808 

117.3 

275,  283 

114.9 

Gasoline 

consumption 

(gallons) 


135,  4'28,  307 
151,  702.  807 
109,  040.  550 
170.045,031 
184,  781,  753 


Index 
number 


100.0 
112.0 
124.8 
130.  4 
130.  4 


Traffic 


101,  710 
1 10,  270 
110,  ,575 
130.  270 
131,097 


Index 
number 


100.  0 
111.0 
111.3 

124.  ■! 

1 25.  2 
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traffic  and  gasoline  consumption  than  in  rates  of  in- 
crease of  traffic  and  motor  vehicle  registration. 

Statistics  of  gasoline  consumption  in  the  State  of 
Colorado  are  available  for  a  longer  period  of  years 
than  in  any  other  State,  i.  e.,  since  1913.  The  rates  of 
increase  iii  n'lotor  vehicle  registration  and  in  gasoline 
consumption  are  veiy  similar  year  by  year  between 
1913  and  1925.  After  1925  the  increases  in  registra- 
tion take  ])lace  at  a  less  rapid  rate  than  the  rates  of 
increase  in  gasohne  consumption  for  corresponding 
years.  The  figures  of  Table  7  present  the  data  for 
comparison. 


Table  7. — Cotnpari.sDn    of    rcgidration    of    motor    vcliida 
gasoline  connumpiion  in  Colorado,  1913-1930 


and 


Registra- 

Gasoline consumption 

Index  numbers 

Year 

Con- 
sumption 

(gross) 

tion  ' 

Net  1  (Kiil- 

Gross  1  (gal- 

Registra- 

Gasoline 

lons) 

lons) 

tion 

(net) 

10  Ki 

13, 000 
17,  7.W 

5,  860, 855 

,5.4 

5.9 

19  H              -    - 

10, 372, 238 

7.4 

10.  5 

Wlfi   

1116 

28,894 
43  296 

14,  482,  629 
19,988,001 

12.0 

14.7 

18.0 

20.2 

1Q17 

87  460 

29,  879,  153 

36.4 

30.3 

1918 

83,  244 
104, 865 
129,  2hb 

32,800,910 
42,  361.  .5,50 
51,917,098 

34.7 
43.7 

33.2 

1919 

42  9 

1920-.    

2  45,  839,  482 

53.8 

47.  1 

.52.  6 

1021    --. 

14,5,  739 

!  64,  491,  230 

00,  390,  692 

60.7 

66.2 

61.2 

1922 

162,  328 

69,  337,  164 

65,891,200 

67.6 

71.2 

66.  7 

1923 

188,  956 

73,  753,  225 

75,  258,  403 

78.7 

75  7 

7(;.  2 

1924 

213,247 

92,  151,  131 

94,031,766 

88.8 

94.6 

95.  2 

192.') 

240,  097 

97,  377,  8.58 

98,741,301 

100.  0 

100.0 

100.  0 

1926    

248,613 

104,  587,  460 

112,380,309 

103.  6 

107.4 

1 13.  8 

1927 

268,  492 

122,  493,  107 

128.  301,  024 

111.8 

125.  H 

129,  9 

1928 

284,  867 

1.30,  707,  467 

142,027,665 

118.7 

134.  2 

143.8 

1929 

303,  489 

141,466,891 

15.5,  .507,  842 

126.  4 

145.  3 

1.57.  5 

1930 

308,  509 

153,  620,  645 

170,  854,  939 

128.  5 

157.8 

173.0 

1  .\s  reported  by  .State  Inspector  of  Oils. 

2  Based  on  taxes  collected  in  1920  aiipareutly  reportol  in  part  witli  collections  of 
1!12I. 

EFFECT    OF    PRESENT    DEPRESSION    ON    FORECASTS    IN    WESTERN 

STATES 

General  trend  lines  were  considered  in  arriving  at 
figures  in  the  Western  States  forecasts.  Previous  busi- 
ness slumps  have  checked  the  rate  of  decline  in  persons 
per  car  for  a  year  or  two,  and  in  a  few  States  for  a  longer 
Ijcriod,  but  this  ratio  has  always  returned  to  its  general 
trend,  as  is  clearly  illustrated  in  Figure  11. 

Statistics  show  that  while  registratioji  barely  held  its 
own  in  1930,  gasoline  consumption  and  traffic  have  had 
definite  increases. 

MILES  PER  GALLON 

Where  data  have  been  obtained  on  the  operation  of 
any  considerable  number  of  passenger  cars  it  has  been 
found  that  the  average  mileage  per  gallon  is  around  15 
miles.  Some  individual  records  are  as  high  as  23  miles 
]ier  gallon,  others  as  low  as  11. 

Some  investigators  have  suggested  1 1 ,000  miles  as  an 
average  annual  mileage.  Others  indicate  that  the 
figure  is  much  lower,  from  6,000  to  10,000  miles. 

Assuming  8,000  miles  per  year  as  the  average  travel 
of  registered  vehicles  in  the  IJnited  States  and  dividing 
tlie  number  of  gallons  of  gasoline  consumed  into  the 
\eiiicle  mileage,  we  obtain  an  average  of  14.38  miles  per 
gallon  as  the  average  rate  of  fuel  consumption.  Were 
the  11,000  iniles  per  vehicle  used,  the  result  would  be 
19.78  miles  per  gallon  for  all  vehicles. 

The  rapid  increase  in  trucks  registered  during  the 
decade  1920  to  1930  (246.0  per  cent  net)  as  compared 
to  passenger  cars  registered  (180.1  per  cent  net)  very 
probably  has  had  considerable  effect  upon  miles  |>(m- 
y;allon  for  all  vehicles. 


However,  trucks  amounted  to  10.9  per  cent  of  total 
registration  in  1920,  and  13.1  per  cent  in  1930.  If  15 
miles  per  gallon  were  used  for  passenger  cars  and  8  miles 
per  gallon  for  trucks,  the  weighted  average  in  1920 
w^ould  be  14.24  miles  per  gallon  as  compared  with  14.08 
in  1930. 

In  a  truck  survey  by  the  General  Motors  Corporation 
involving  46,000  trucks,  the  miles  per  gallon  for  light, 
medium,  and  heavy  trucks  are  given.  When  weighted 
by  per  cent  of  each  capacity,  the  average  for  all  is 
11.25  miles  per  gallon.  Using  11.25  for  trucks  and 
the  above  15  for  passenger  cars,  the  weighted  average 
in  1920  was  14.59,  and  in  1930,  14.51  miles  per  gallon. 
In  one  case,  the  decrease  was  sixteen-hundredths,  and 
the  other  eight-hundredths  of  a  mile  per  gallon  in  the 
past  10  years.  The  point  is  that  truck  registration 
(including  busses)  is  so  small  as  compared  to  total 
registration  that  the  reduction  of  miles  per  gallon  for 
all  vehicles  is  small  indeed. 

This  small  change  in  average  mileage  per  gallon  is 
an  indication  that  little  additional  traffic  may  be  esti- 
mated from  this  factor. 

PERSONS  PER  MOTOR  VEHICLE 

The  number  of  persons  per  car  was  found  for  each 
State  from  1913  to  1930  and  extended  to  1940,  based  on 
population  as  of  July  1.  These  data  are  showai  graph- 
ically in  Figure  11  for  the  years  since  1914,  1915,  or 
1916.  The  number  in  1913  is  often  more  than  double 
the  1915  or  1916  figure,  and  can  not  conveniently  be 
shown  on  these  charts. 

The  curves  shown  in  Figure  11,  are  very  similar  in 
that  during  the  first  five  or  six  j^ears  the  decline  was 
rapid.  Also  in  most  States,  during  1921  and  1922,  the 
descent  of  these  trends  was  checked  sharply,  after  which 
the  curves  became  smooth  and  tended  to  flatten  out 
more  and  more  each  year.  Because  of  business  condi- 
tions, the  number  of  persons  per  car  in  1930  wms  af- 
fected somewhat  as  in  1921  and  1922.  States  with 
large  deviations  from  trend  are  as  follows:  Wyoming 
and  New  Mexico  for  3  years;  Idaho  for  5  years;  Arizona 
and  Nevada  for  2  years.  Practically  all  States  had  a 
high  or  low^  registration  during  one  of  the  years  1917, 
1918,  or  1919,  a  fact  which  caused  persons  per  car  to 
be  above  or  below  the  general  trend  in  one  of  these 
years. 

Registration,  therefore,  during  years  of  depression 
may  be  low  when  com])ared  with  the  general  trend.  It 
is  interesting  to  note  the  rapid  recovery  in  most  States 
in  1923  after  the  very  sharp  deviation  from  trend  in 
1921  and  1922. 

The  traffic  forecasts  were  based  largely  upon  pro- 
jected increases  in  gasoline  consumption.  Considera- 
tion was  given  to  the  nature  of  the  data  on  gasoline 
consumption  (whether  net  or  gross),  to  the  amount  of 
foreign  traffic  recorded  within  the  State,  and  to  local 
distribution  of  registration,  gasoline  consumption,  and 
foreign  traffic,  before  a  specific  forecast  was  made  for  a 
particular  State.  Each  State  was  subdivided  into  two 
or  more  geographical  sections  according  to  density  of 
population;  and  a  forecast  was  made  of  the  increase 
in  traffic  on  the  highway  system  within  each  area,  on 
the  basis  of  the  projected  increase  in  gasoline  consump- 
tion, as  modified  by  the  considerations  outlined  above. 
Motor  vehicle  registration  by  counties  was  available  in 
9  of  the  11  States,  gasoline  consumption  by  counties  in 
but  4  States. 

The  estimated  increases  in  traffic  from  1930  to  1940 
vary  between  42  per  cent  in  eastern  Washington  to  76 
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Figure  11. 


-Curves  Showing  Number  of  Persons  per  Motor  Vehicle  in  Western  States  During  Years  Between  1914 
AND  1930.     Curves  are  Projected  to  Show  Probable  Values  for  1935  and  1940 


per  cent  in  northern  Arizona.    For  most  of  the  area  the 
traffic  forecast  varies  between  45  and  60  per  cent. 

TRAFFIC   CLASSIFICATION   OF  FEDERAL-AID   SYSTEM  IN    WESTERN 

STATES 

In  the  determination  of  a  consistent  program  of 
economical  highway  improvement  it  is  essential  to  con- 
sider the  present  traffic  and  also  the  traffic  anticipated 
throughout  the  life  of  the  proposed  improvement,  or  as 


far  ahead  as  reasonably  accurate  forecasts  may  be  made. 
For  this  purpose  the  highway  systems  of  the  1 1  survey 
States  are  classified  in  three  groups  according  to 
average  daily  traffic  density.  A  traffic  of  1,500  or 
more  vehicles  per  day  is  classified  as  heavy,  600  to 
1,500  as  intermediate,  and  under  600  as  light.  For 
the  purposes  of  the  forecast  the  classification  is  sub- 
divided  into   groups  A  to  G,  as   shown   in   Table   8. 
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Table  8. — Scheme  of  classification  for  highways  of  Western  States 
according  to  average  daily  traffic  density  in  1930  and  -predicted 
density  in  1935  and  1940 


Classification 

1930 

1935 

1940 

A                     --- 

Over  1,500 
600- 1,  500 
600-1,500 
600-1,  500 

Over  1,500 
Over  1,500 
600-1,  500 
600-1,500 
600-1,  500 
Under  600 
Under  600 

Over  1,500 

B            

Over  1,500 

C 

Over  1,500 

D  

600-1,500 

E 

Under  600 
Under  600 
Under  600 

600-1,  500 

F   

600-1,  500 

G 

Under  600 

Sections  of  the  system  carrying  an  average  traffic  of 
1,500  or  more  vehicles  per  day,  or  more  than  .30  heavy 
trucks  per  day  when  the  total  vohime  of  traffic  is  close 
to  1,500,  are  classified  as  heavy  in  1930.  Those  ex- 
pected to  carry  this  volume  by  1935  or  1940  are  classi- 
fied as  heavy  in  1935  or  1940,  respectively.  Similarly, 
those  sections  carrying  an  average  of  between  600  and 
1,500  vehicles  per  day  are  classified  as  intermediate  in 
1930,  with  corresponding  classifications  for  additional 
sections  in  1935  and  1940,  as  the  predicted  increase  in 
traffic  brings  them  within  this  range.  Those  sections 
carrying  an  average  of  less  than  600  vehicles  per  day 
in  1930,  1935,  or  1940  are  classified  as  light  traffic 
highways  in  the  respective  periods. 

The  classification  covers  the  Federal-aid  system  as 
of  June  30,  1930,  and  is  based  on  mileage  figures  sub- 
mitted by  the  various  States.  The  routes  are  carried 
continuously  through  all  cities  regardless  of  population. 

The  distribution  of  road  mileage  in  the  Western 
States  according  to  the  classification  adopted  is  shown 
in  Figure  12.  On  this  map  roads  or  sections  of  roads 
falling  into  each  of  the  eight  classifications  (A  to  G) 
given  in  Table  8  are  designated  by  appropriate  symbols. 
Those  roads  which  it  was  found  impossible  to  classify 
are  shown  in  double  dash  line. 

The  mileage  included  in  each  classification  group  by 
individual  States  is  summarized  in  Table  9,  which 
indicates  the  general  increase  of  heavy  and  intermediate 
traffic  routes,  the  heavy  traffic  mileage  increasing  from 
11.3  per  cent  of  the  total  mileage  in  1930,  to  14  per 
cent  in  1935,  and  to  16  per  cent  in  1940.  Similarly 
the  total  of  the  heavy  and  intermediate  routes  increases 
from  29.3  per  cent  of  the  total  mileage  in  1930,  to  36.1 
per  cent  in  1935,  and  to  41  per  cent  in  1940. 

Practically  half  the  class  A  highways  (heavy  traffic 
in  1930),  are  found  in  California,  with  Washington 
and  Oregon  adding  some  1,200  miles.  The  three 
coast  States  contain  more  than  three-quarters  of  all 
the  class  A  mileage.  The  remainder  is  distributed 
throughout  the  other  States,  in  large  degree  according 
to  the  size  and  location  of  the  centers  of  population. 

The  mileage  coming  into  the  heavy-traffic  classifica- 
tion in  1935  and  1940  is  by  no  means  proportional  to 
the  mileage  now  included  in  this  classification  in  the 
various  States.  According  to  the  forecast  Nebraska, 
Nevada,  and  New  Mexico  will  practically  quadruple 
their  present  heavy  traffic  mileage  by  1940,  while 
Wyoming,  which  now  has  none,  will  have  68  miles 
by  that  time.  Cahfornia  and  Washington,  with  their 
present  large  mileage  of  heavy  traffic  roads,  show  rela- 
tively little  increase.  Although  Utah  is  low  in  class  A 
mileage,  present  traffic  is  so  concentrated  that  prac- 
tically no  increase  in  its  heavy  traffic  mileage  is  likely 


to  occur  by  1940.  Oregon,  with  339  miles  in  classes 
B  or  C  in  1930,  adds  the  greatest  mileage  to  its  heavy 
traffic  classification  between  1930  and  1940. 

Table  9. — Mileage  ■  of  Federal-aid  roads  in  the  Western  States 
falling  within  heavy,  intermediate,  and  light  classifications,  on 
the  basis  of  average  daily  traffic  density  in  1930  and  predicted 
density  in  1935  and  1940 

heavy 


state 

I             1930 

1 

1935 

1940 

Arizona. 

i     Mtles 
115.1 

Per  cent 

5.8 

39.5 

10.3 

•3.5 

1.1 

.8 

.7 

13.3 

9.6 

24.6 

Miles 

165.9 

2, 272. 1 

382.4 

155.1 

190.9 

29.5 

69.5 

581.8 

172.7 

949.8 

52.8 

Per  cent 
8.3 

44.5 

11.8 
5.0 
3.3 
1.9 
2.0 

17.5 
9.8 

30.3 
1.5 

Miles     Pe 

178.9 
2, 339. 1 

528.0 

221  2 

245.7 
.50.1 

118.4 

779.6 

172.7 

1,030.9 

67.9 

r  cent 
9  0 

California. 

Colorado 

Idaho 

Nebraska    . 

....,     2,015.9 
334.9 
109.6 
66.4 

45.8 
16.3 
7.1 
4  2 

Nevada.. 

New  Mexico. 

Oregon 

Utah 

Wash  ington 

Wyoming 

12.1 
.-..!           25.5 

440.5 

169.9 
772.4 

3.2 

3.4 
23.4 

9.8 
32.9 

1.9 

Total 

-..J     4,062.3 

11.3 

5,  022.  5 

14.0 

5, 732.  5 

16.0 

INTERMEDIATE 


Arizona 

California 

Colorado 

Idaho 

Nebraslca 

Nevada. 

New  Mexico. 

Oregon 

Utah 

Washington.. 
Wyoming 


Total. 


399.4 

20.0 

670.6 

33.7 

903.9 

1, 130.  8 

22.1 

1,  042.  8 

20.4 

1,115.9 

722.5 

22.4 

925.8 

28.6 

1, 091. 1 

355.  7 

11.5 

475.5 

15.4 

520.8 

1,  482.  1 

2.5.5 

1,830.6 

31.5 

1,  974.  2 

5.5.2 

3.5 

90.2 

5.7 

80.6 

321.2 

9.3 

660.2 

19.2 

953.4 

796.2 

23.9 

926.4 

27.9 

886.6 

75.1 

4.3 

149.3 

8.4 

201.5 

898.3 

28.7 

795.0 

25.3 

866.6 

228.1 

6.5 

378.7 

10.9 

404.1 

6, 464.  6 

18.0 

7,  945. 1 

22.1 

8, 998.  7 

45.4 
21.8 
33.7 
16.9 
34.0 
5.1 
27.8 
26.8 
11.3 
27.6 
11.7 


25.0 


LIGHT 


Arizona 

California 

Colorado 

Idaho 

Nebraska 

Nevada 

New  Mexico. 

Oregon 

Utah 

Washington.. 
Wyoming 


Total. 


1,441.4 

72.5 

1,119.4 

56.3 

873.1 

1,857.5 

36.3 

1,689.3 

33.0 

1,549.2 

2, 130.  8 

65.7 

1,  880.  0 

58.0 

1,569.1  1 

2,  343.  6 

75.9 

2, 178. 3 

70.5 

2,066.9 

3, 449.  7 

59.5 

2. 976.  7 

51.3 

2,  778.  3 

1,370.3 

87.5 

1,317.9 

84.2 

1,306.9 

3,  090.  6 

90.0 

2,  707.  6 

78.8 

2,365.5 

1,995.0 

60.2 

1,723.5 

52.0 

1,565.5  ' 

1,  518.  3 

8.5.4 

1,441.3 

81.1 

1, 389. 1 

1,  368.  3 

43.6 

1,294.2 

41.3 

1,141.5 

3, 109.  9 

89.9 

2,  906.  5 

84.0 

2, 866. 0 

23,  675. 4 

65.9 

21,  234.  7 

59.1 

19,471.1 

43.9 
30.3 
48.4 
66.9 
47.9 
83.5 
08.8 
47.2 
78.2 
36.4 
82.8 


54.2 


UNCLASSIFIED 


State 


Arizona 

California 

Colorado 

Idaho... 

Nebraska 

Nevada 

New  Mexico. 


1930 


Miles 
33.7 
105. 9 
50.8 
281.9 
803.4 
128.4 


Per  cent 
1.7 
2.1 
1.6 
9.1 
13.9 
8.2 


State 


1930 


Miles     [Per  cent 

Oregon '         86.8  !         2.6 

Utah 12.0  I  .7 

Washington... U7.  6  ■         3.1 

Wyoming 125.3  '  3.6 

Total 1,725.8  i  4.8 


1  MUeage  as  of  June  30,  1930. 

The  distribution  of  the  intermediate-traffic  mileage 
is  entirely  dift'erent  from  that  of  the  heavy-traffic 
mileage.  Nebraska,  with  its  more  evenly  distributed 
population  and  greater  mileage  of  highway  per  square 
mile,  leads  in  the  intermediate-traffic  mileage,  with 
nearly  1,500  miles  now  in  this  classification.  This  class 
in  Nebraska  also  shows  a  marked  increase  in  1935  and 
1940,  the  mileage  changing  from  the  fight  to  the  inter- 
mediate classification  far  exceeding  that  changing 
from  the  intermediate  to  the  heavy  classification.  This 
fact  is  true  in  a  greater  or  less  degree  in  every  State 
except  California  and  Washington. 

The  light-traffic  highways  decrease  in  all  of  the 
States  during  the  10-year  period.     Cahfornia  shows  the 
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FiGTjRE  12. — Classification  op  Federal-Aid  Highwat  System  in  the  Western  States  on  the  Basis   of  Average   Daily 
Traffic  Density  in  1930  and  Predicted  Density  in  1935  and  1940.     Scheme  of  Classification  is  Shown  in  Table  8 


lowest  percentage  of  this  classification  in  all  years, 
while  Arizona  shows  the  greatest  decrease  from  1930 
to  1940.  Nevada  and  Wyoming  have  the  greatest 
mileage  of  this  class,  each  with  over  80  per  cent  still 
classed  as  light-traffic  highways  in  1940. 

Of  the  various  through  routes,  one  is  outstanding. 
U.  S.  99,  spanning  the  country  from  north  to  south 
through  Wasliington,  Oregon,  and  California,  is  ex- 
pected by  1935  to  carry  heavy  traffic  throughout  its 
entire  length,  with  the  exception  of  a  short  section  at 
the  Oregon-California  line.  This  route  now  carries 
heavy  traffic  from  Bellingham,  Wash.,  to  Drain,  Oreg., 
and  through  Cahfornia  from  Willows  to  El  Centro. 


U.  S.  101  from  San  Francisco  to  San  Diego,  although 
not  an  interstate  route,  carries  heavy  traffic  throughout 
a  distance  of  over  550  miles. 

No  east  and  west  route  is  so  heavily  traveled  as 
either  of  these.  U.  S.  80,  from  San  Diego  through 
Yuma,  Phoenix,  and  Lordsburg  to  Las  Cruces,  whence 
it  continues  as  U.  S.  366  through  New  Mexico  via 
Roswell  and  Clovis,  is  of  heavy-traffic  classification 
in  1930  only  in  southern  California  and  in  the  vicinity 
of  Phoenix.  The  traffic  by  1940  will  probably  be  such 
as  to  place  practically  the  entire  route  in  the  inter- 
mediate or  higher  classification.  Another  relatively 
heavily   traveled   east-west   route   is   U.    S.    30,    from 
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Omaha  through  Nebraska,  Wyoming,  Idaho,  and 
Oregon  to  Astoria.  The  section  from  Omaha  to 
Laramie  is  now,  or  by  1935  will  be,  classed  as  heavy  or 
intermediate.  From  Laramie  through  Wyoming  the 
route  will  not  leave  the  light  classification  by  1940, 
with  the  exception  of  short  sections  near  the  various 
cities;  but  from  McCammon,  Idaho,  through  that 
State  and  Oregon  to  Astoria,  all  but  a  small  portion 
will  be  in  either  the  intermediate  or  heavy  classification 
by  1935. 

U.  S.  40,  the  northern  route  to  California,  through 
Colorado,  Utah,  and  Nevada,  carries  but  little  traffic 
based  on  the  year-round  average.  The  only  sections  of 
this  route  carrying  trafhc  above  the  light  classification 
are  those  in  Colorado  from  the  Kansas  line  to  Denver, 
in  the  vicinity  of  the  cities  of  Salt  Lake  City  and  Reno, 
and  in  California  from  Emigrant  Gap  to  San  Francisco. 


SuxD.vY   Afternoon   Traffic  on   Bayshore   HiiiuwAV 
Near  South  San  Francisco 

The  only  other  through  route  carrying  noticeably 
heavy  traffic  is  U.  S.  85  from  El  Paso  through  New 
Mexico,  Colorado,  and  Wyoming.  Over  a  good  portion 
of  this  route — from  Los  Lunas,  N.  Mex.,  through 
Colorado  to  Cheyenne,  Wyo. — the  traffic  falls  in  the 
intermediate  or  heavy  classification. 

Other  routes  or  sections  of  routes  carrying  heavy  or 
intermediate  traffic  can  nearly  all  be  found  either  within 
or  connecting  various  economic  areas.  An  examination 
of  the  traffic  classification  map  (fig.  12)  shows  these 
areas  well  defined  around  vSalt  Lake  City,  Seattle, 
Spokane,  San  Francisco,  and  Los  Angeles,  and  includ- 
ing eastern  Nebraska,  eastern  Colorado,  southern  Idaho, 
and  western  Oregon  and  Washington.  The  location  and 
extent  of  these  routes  show  the  insignificance  of  State 
lines  or  other  artificial  boundaries  in  determining  traffic 
flow.  The  routes  may  be  seen  extending  from  State 
to  State  with  little  or  no  change  in  traffic  classification, 
but  changing  noticeably  as  they  progress  from  a  center 
of  population,  or  approach  a  natural  barrier  to  travel. 

A  study  of  the  changes  in  traffic  classification  during 
this  10-year  period  indicates  its  usefulness  in  the  form- 
ulation of  a  long  tune  plan  of  highway  improvement. 

preparation  of  programs  of  road  construction 

The  traffic  data  provided  by  the  survey  may  be  used 
in  each  State  as  the  basis  for  the  preparation  of  a  pro- 
gram of  road  construction,  reconstruction,  and  main- 
tenance consistent  with  traffic  requirements  during  the 
ensuing  10-year  period.  For  this  purpose  the  character- 
ization of  traffic  as  heavy,  intermediate,  and  light,  and 
the  classification  of  the  various  sections  of  highway 
according  to  the  character  of  their  present  and  probable 
future  traffic  density,  are  especially  useful. 


Traffic  density  is  the  most  important  general  factor 
in  highway  planning.  It  is  the  multiplier  that  de- 
termines the  amount  of  vehicular  operating  savings 
residting  from  road  improvements;  and,  particularly 
with  respect  to  low  and  intermediate  types  of  road 
surface,  it  has  a  determining  effect  upon  the  life  and 
maintenance  cost  of  the  surface.  It  also  influences 
strongly  the  choice  of  surface  width  and  others  of  the 
many  decisions  that  must  be  made  in  the  development 
of  the  highway  plan. 

It  is  a  recognized  principle  of  highway  finance  that 
the  expenditure  for  road  improvement  should  be  kept 
within  the  earning  capacity  of  the  improvement.  The 
return  to  the  public  upon  its  highway  investment  takes 
the  form  of  reductions  in  the  operating  cost  of  vehicles 
resulting  from  the  greater  ease  of  traction  over  the 
improved  grades  and  surfaces  and  the  reduced  wear  and 
tear  of  vehicles  consequent  upon  the  road  improvement. 
With  increase  in  the  movement  of  vehicles  there  is 
greater  accumulation  of  individual  savings  and  in- 
crease of  the  amount  that  may  justifiably  be  expended 
to  obtain  further  benefits. 

The  traffic  data  supplied  by  this  survey  and  the 
estimates  of  future  traffic  density  based  upon  them 
aft'ord  the  needed  safeguard  against  unwise  overex- 
penditure  by  indicating  the  amount  of  the  vehicular 
operating  saving  that  may  be  expected  from  the 
improvement  of  each  section  of  road  during  the  next 
10  years.  But  the  more  positive  value  to  the  highway 
designer  lies  in  the  usefulness  of  the  data,  when  intel- 
ligently employed,  in  determining  the  character  of 
improvement  reciuired  immediately  by  each  section  of 
the  highway  system  and  the  future  alterations  in  the 
form  of  present  improvements  that  will  probably  be 
recjuired  by  changes  in  the  density  of  traffic  during  the 
10-year  period  covered  by  the  estimates. 

The  area  covered  by  the  survey  is  economically 
youthful.  Traffic  upon  many  of  its  roads  is  in  an 
early  stage  of  development  and,  at  its  present  density, 
requires  and  will  yield  a  compensatory  return  upon 
only  a  minimum  improvement  of  the  road  surface. 
As  traffic  increases  a  point  will  be  reached  at  which, 
because  of  the  wear  and  cost  of  maintaining  the  surface, 
it  will  become  cheaper  to  replace  the  initial  low-type 
surface  with  a  surface  of  intermediate  cost  and  resis- 
tance to  traffic.  At  the  same  time  the  greater  savings 
accumidated  by  the  increased  operation  of  vehicles 
will  sup])ort  the  greater  investment  in  the  higher  type 
of  road  improvement.  There  are  numerous  sections 
on  which  the  traffic,  as  indicated  by  the  survey,  has 
already  reached  the  density  that  suggests  such  an 
intermediate  type  of  road  improvement. 

With  further  increase  of  traffic  the  roads  now  or 
subsequently  to  be  improved  with  intermediate  types 
of  surface  will  reciuire  for  maximum  economy  a  still 
further  im])rovement  by  addition  of  liigh-type  pave- 
ments; and  again,  as  the  data  of  the  survey  show, 
there  are  already  many  sections  that  have  reached  this 
degree   of   utilization. 

It  is  not  possible  to  fix  upon  any  precise  densit}'  of 
traffic,  uniformly  acceptable  under  the  varied  condi- 
tions obtaining  in  the  several  States,  as  the  density  at 
which  a  substitution  of  an  intermediate  for  a  low  type 
of  surface  or  a  high  for  an  intermediate  type  will 
become  profitable. 

The  proper  time  for  change  is  indicated  by  increase 
of  the  true  annual  cost  of  the  lower  type  of  surface  with 
increase  of  traffic  to  an  amount  exceeding  the  estimated 
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Typical  Western  Road  Surfaces 


In  New  Mrxtco      H-Graded  Earth  in  New  Mexico.     I-Oil-Treated  Gravel  in  Idaho 
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annual  cost  under  the  same  density  of  traffic  for  the 
higher,  more  resistant,  and  more  expensive  type  of  sur- 
face. But  the  annual  costs  of  the  various  types  of  sur- 
face under  various  densities  of  traffic  are  affected  both 
absolutely  and  relatively  by  the  different  conditions  of 
the  various  parts  of  an  area  of  such  diverse  conditions 
as  the  wide  territory  covered  by  this  survey.  Even 
within  an  individual  State  it  may  be  impracticable  to 
base  highway  design  upon  a  single  relation  of  traffic 
density  and  road  type.  Where,  as  in  this  case,  there 
are  1 1  States  and  a  range  of  natural  conditions  from 
mountain  to  plain,  from  arid  to  humid,  from  cold  to  hot, 
it  is  quite  impossible  to  apply  a  uniform  rule. 

To  illustrate,  consider  the  traffic  suitability  of  the 
gravel  surface,  a  familiar  and  widely  used  low  type. 
The  annual  cost  of  a  gravel  surface  involves  first  the 
sum  derived  by  dividing  the  difference  between  the 
cost  of  construction  and  the  salvage  value  at  the  time 
of  replacement  by  the  time  in  years  between  construc- 
tion and  reconstruction.  To  this  is  added  the  annual 
interest  on  the  capital  invested  and  the  annual  cost  of 
maintenance  under  the  traffic  to  which  the  surface  is 
actually  subjected. 

Obviously  this  annual  cost  will  be  aff'ected  by  differ- 
ences in  the  cost  of  the  gravel  and  by  differences  in  the 
character  of  the  gravel  which  will  cause  the  surface  to 
wear  more  or  less  rapidly  under  traffic  of  various  inten- 
sities and  thus  influence  the  life  of  the  surface.  The 
character  of  the  subgrade  upon  which  the  surface  is  laid 
and  the  general  climatic  conditions  obtaining  will  also 
have  important  bearing,  as  will  several  other  variable 
conditions. 

Similar  variable  conditions  also  affect  the  annual  cost 
of  the  higher  types  of  surface  that  may  be  considered 
for  substitution  in  place  of  the  gravel  surface.  So  that 
it  is  impossible  to  fix  upon  any  single  density  of  traffic 
that  may  be  uniformly  used  throughout  such  an  area 
as  the  territory  of  this  survey  as  the  criterion  of  change 
from  gravel  to  bituminous  macadam  or  other  higher 
type  of  surfacing. 

For  reasons  such  as  this  it  is  impossible  to  attempt  in 
this  report  to  establish  the  desirable  highway  program 


in  all  the  11  States.  The  current  traffic  data  and  the 
estimates  of  future  density  supplied  constitute  the 
principal  basis  of  such  programs;  but  the  establishment 
of  the  programs  is  a  task  that  must  be  left  to  the  several 
State  highway  departments  familiar  with  the  present 
condition  of  the  various  highways  and  the  various  con- 
ditions, such  as  the  cost  and  character  of  available  road 
materials,  and  the  effect  of  the  existing  climate  and  soils 
upon  surfaces  built  of  such  materials. 

Moreover,  there  will  be  special  cases  in  which  traffic 
density  or  tangible  economy  will  not  be  controlling  fac- 
tors in  determining  the  type  of  road  improvement. 
Such  cases  may  be  expected  to  be  rather  more  numer- 
ous in  these  Western  States  than  in  other  more  fully 
developed  areas.  In  remote  moimtain  and  desert 
regions,  for  example,  it  is  quite  possible  that  the  type 
of  road  improvement  may  be  determined  by  such  factors 
as  the  convenience,  safety,  comfort,  and  speed  of  traffic 
to  a  greater  degree  than  by  the  more  tangible  factors  of 
traffic  density  and  cost. 

In  all  cases,  however,  the  tables  and  maps  contained 
in  the  report,  showing  as  they  do  the  average  daily  den- 
sity of  traffic  upon  all  sections  of  the  Federal-aid  high- 
way system  at  the  time  of  the  survey  and  the  estimated 
density  after  5  and  10  years,  respectively,  will  serve  as 
a  reliable  guide  in  the  establishment  of  the  highway 
program.  The  characterization  of  the  traffic  as  light, 
intermediate,  and  heavy  according  as  its  average  daily 
density  is  less  than  600,  between  600  and  1,500,  and  over 
1,500  vehicles,  respectively,  and  the  classification  of 
the  various  road  sections  according  to  this  denomina- 
tion of  their  traffic  at  the  three  periods,  represent 
efforts  to  reduce  the  data  to  a  practically  usable  form. 
The  limits  assigned  to  the  three  classes  of  traffic,  that 
is,  600  and  1,500  vehicles  per  day,  are  not  to  be  con- 
strued as  traffic  densities  indicative  of  the  need  of  low, 
intermediate,  or  high  type  surfaces;  although,  in  the 
general  way  possible  under  the  circumstances,  modified 
as  necessary  by  other  laiow-n  facts,  the  passage  of  a  sec- 
tion of  road  from  one  to  the  other  of  the  resulting  classes 
may  be  accepted  as  an  index  of  traffic  growth  critical  in 
its  bearing  upon  highway  design. 


TRUCK  GREAT  FACTOR  IN  FARM  FREIGHTING 


MOTOR  trucks  are  hauling  approximately  15  per 
cent  of  the  total  shipments  of  fresh  fruits  and 
vegetables  transported  20  or  more  miles  to 
market,  according  to  a  survey  made  recently  by  the 
Bureau  of  Agricultural  Economics.  Motor-truck  ship- 
ments of  20  or  more  miles  in  1929  are  estimated  by  the 
bureau  at  between  150,000  and  200,000  cars,  as  compared 
with  1,068,745  cars  transported  by  rail  and  boat  lines. 
This  represents  a  large  percentage  increase  in  motor- 
truck hauls  in  recent  years,  but  it  is  pointed  out  that 
rail  and  boat  shipments  have  practically  doubled  in  the 
last  10  years.  On  a  mileage  basis  the  percentage  of 
motor  trucks  to  total  shipments  is  much  less  than  15 
per  cent  because  of  the  longer  average  haul  by  railroads. 

In  areas  covered  by  the  survey  motor- truck  hauls 
ranged  from  2  to  92  per  cent  of  the  shipments  which 
went  20  or  more  miles  in  those  areas  in  1928,  the  high 
figure  being  for  the  State  of  Connecticut.  In  South- 
western Michigan  73  per  cent  of  the  shipments  going  20 
or  more  miles  to  market  go  by  motor  truck;  on  Long 
Island,  68  per  cent;  in  the  Hudson  Valley,  67  per  cent; 
central  and  southern  New  Jersey,  67  per  cent;  Dela- 
ware, 41  per  cent;  southern  Indiana,  37  per  cent;  eastern 
shore  of  Maryland,  24  per  cent;  western  Maryland,  24 
per  cent;  southern  Illinois,  21  per  cent;  western  New 
York,  19  per  cent;  south  central  Pennsylvania,  IS  per 
cent;  western  Massachusetts,  7  per  cent;  eastern  shore 
of  Virginia,  3  per  cent;  and  the  West  Virginia,  Cumber- 
land, Shenandoah  Valley  region,  2  per  cent.  Motor- 
truck hauls  in  these  areas  totaled  77,102  cars, as  against 
136,509  cars  carried  by  rail  and  boat.  In  important 
producing  areas  remote  from  large  markets — Florida, 
southern  Texas,  California,  the  Northwestern  States, 
and  northern  Maine — the  percentage  of  shipments 
hauled  by  motor  truck  is  much  smaller  than  in  some  of 
the  areas  covered  by  the  survey. 

The  bureau  investigated  truck  receipts  at  city  mar- 
kets and  trade  and  operating  practices  of  truckmen, 
farmers,  truckmen  carriers,  and  truckmen  merchants, 
and  studied  the  economic  aspects  of  shipping  by  truck 
in  their  effect  upon  distribution  and  production. 

The  following  is  a  summary  of  some  of  the  information 
brought  out  by  the  survey: 

Trucks  have  expedited  transportation  on  short  hauls 
and  have  made  the  distribution  of  highly  perishable 
products  more  direct  and  less  wasteful  under  certain 
conditions. 


Regional  motor-truck  jobbing  markets,  where  prod- 
ucts from  a  considerable  area  are  concentrated  and 
redistributed,  and  wholesale  roadside  stands,  are  in- 
creasing in  number  to  serve  the  motor-truck  trade. 

Products  most  suited  to  long-distance  transportation 
by  motor  truck  are  the  light,  f(uickly  perishable  fruits 
and  vegetables  or  those  that  yield  a  high  freight 
revenue  and  require  expeditious  movement  to  market. 

Distances  covered  by  trucks  have  increased;  highly 
perishable  products  are  now  being  hauled  regularly  for 
distances  as  great  as  400  miles,  and  even  greater 
distances  in  some  areas. 

For  all  the  areas  in  north  central  and  northeastern 
United  States  that  were  studied  the  relation  which 
motor-truck  shipments  of  important  commodities  bore 
to  the  total  shipments  was,  in  terms  of  percentage: 
Spinach,  96;  snap  beans,  89;  mushrooms,  85;  asparagus, 
76;  tomatoes,  64;  strawberries,  58;  cantaloupes,  49; 
grapes,  48 ;  peaches,  43 ;  potatoes,  25 ;  apples,  24 ;  lettuce, 
21;  sweet  potatoes,  19;  onions,  18;  and  cabbage,  12. 

The  truck  unloads  of  fruits  and  vegetables  at  the  11 
cities  studied,  excluding  market-garden  receipts,  were  of 
greatest  relative  importance  at  Los  Angeles  where  they 
were  57  per  cent  of  the  total  of  unloads  for  the  city, 
and  of  least  relative  importance  at  Boston,  where  they 
were  only  2  per  cent  of  the  total  unloads. 

Redistribution  from  city  markets  to  surrounding 
trade  territories  has  grown  in  volume  and  in  distance. 
Except  for  local  supplies,  the  area  within  50  miles  is 
now  usually  supplied  with  fruits  and  vegetables  by 
truck  from  the  large  city  market.  In  the  outer  rim  of 
the  trade  territory,  up  to  150  miles,  and  sometimes 
farther,  trucks  compete  with  mixed  cars  and  express 
shipments  from  the  large  city  and  with  straight  cars 
shipped  direct  from  producing  areas. 

It  was  estimated  that  50  per  cent  of  the  total  receipts 
on  the  wholesale  markets  at  Pittsburgh  was  trucked 
out  of  the  metropolitan  area  in  the  spring  of  1930,  and 
at  Baltimore  24  per  cent  was  trucked  out. 

Country  cold-storage  plants  aid  motor-truck  trans- 
portation by  prolonging  the  trucking  season.  The  use 
of  the  truck  facilitates  cpiick  movement  of  apples  into 
storage  after  packing,  which  is  a  decided  advantage. 
Canning-plant  managers  are  using  trucks  to  obtain 
more  soft  fruits  and  tomatoes  of  desirable  maturity 
and  to  extend  the  area  from  which  supplies  are  received. 
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WHERE  THE  HIGHWAY  DOLLAR  GOES 

A  STUDY  OF  COST  DISTRIBUTION  IN  THE  CONSTRUCTION  OF  CONCRETE  PAVEMENTS 

Reported  by  J.  L.   HARRISON,  Division  of  Management,  U.  S.  Bureau  of  Public  Roads 


DURING  the  past  few  years,  but  more  particiilarly 
since  the  beginning  of  the  present  business  de- 
pression, there  has  been  a  good  deal  of  reference 
to  larger  construction  programs  as  a  means  of  relieving 
unemplojmaent.  In  the  very  nature  of  the  case,  an  in- 
crease in  activity  in  any  line  of  construction  work  in- 
volves the  employment  of  additional  labor  both  on  the 
job  itself  and  in  the  preparation  of  the  materials  re- 
quired in  its  execution. 

All  lines  of  construction  work  are  valuable  aids  during 
seasons  of  unemployment  but  none  is  more  effective  as 
a  means  of  providing  widespread  employment  than 
highway  construction,  particularly  of  the  liigher  types, 
involving  as  it  does  the  direct  employment  of  a  con- 
siderable number  of  men  on  the  job  and  the  indirect 
employment  of  a  far  greater  number,  usually  in  the 
more  thicldy  populated  centers,  in  preparing  niaterials, 
manufacturing  equipment  and  supplies,  and  in  trans- 
porting them. 

The  widespread  influence  of  Federal-aid  highway 
work  is  especially  noteworthy.  The  Federal-aid  road 
act,  efl'ective  since  1916,  provides  that  all  liighway 
funds  must  be  apportioned  to  the  States  and  be  ex- 
pended therein  on  the  Federal  system  of  liighways. 
To  date,  as  a  result,  the  eft'ect  of  Federal-aid  highway 
expenditures  has  been  felt  in  practically  every  comity 
in  the  country. 

In  view  of  the  foregoing,  this  article  has  been  pre- 
pared, in  which  is  set  forth  as  definitely  as  available 
data  will  permit  the  extent  to  which  expenditures  for 
highway  improvement  provide  employment.  The  con- 
siderable extent  to  which  such  expenditures  contribute 
to  the  support  of  others  than  those  directly  and  in- 
directly employed  is  not  analyzed  in  this  article. 

It  may  be  observed  that  the  method  of  analysis 
followed  in  this  article  could  be  appUed  to  any  process 
of  manufacture  or  to  any  activity  involving  the  use  of 
labor  and  salaried  personnel.  The  results  of  such  an 
analysis  would  show,  in  most  cases,  that  the  great  bulk 
of  expenditures  are  chargeable,  either  directly  or  in- 
directly, to  the  account  of  salaries  and  wages.  It 
happens  that  the  highway  contracting  business  operates 
in  general  on  a  very  narrow  margin  of  profit;  and  tliis 
is  also  currently  true  of  the  activities  indirectly  con- 
nected with  the  construction  of  high-type  roads,  and 
concrete  roads  in  particular — cement  manufacture,  the 
quarrying  of  aggregates,  railway  transportation,  and 
coal  mining.  For  this  reason  it  is  at  least  probable 
that  the  contribution  to  labor  is  higher  in  the  case  of 
road-building  than  in  the  case  of  many  other  industries. 
However,  the  chief  advantage  of  increased  liighway 
construction  during  times  of  economic  depression  Ues 
in  the  fact  that  it  afl^ords  much  direct  employmen  t  and 
stimulates  many  Unes  of  business  activity  at  a  time  when 
such  an  impetus  is  greatly  needed,  while  at  the  same 
time  meeting  the  increasing  demand  for  improved 
roads. 

For  the  purpose  of  the  present  study,  concrete  pave- 
ment has  been  selected  largely  because  it  is  widely  used 
on  the  Federal-aid  highway  system,  and_  because  the 
effect  of  expenditures  for  pavements  of  this  type  is  be- 
lieved to  be  typical  of  the  eifect  produced  by  expendi- 
tures on  other  high-type  pavements  as  well.     Further- 
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more,  it  is  typical  of  the  eft'ect  produced  by  expenditures 
for  public  works  generally,  which  have  a  wider  influence 
than  might  at  first  be  supposed.  The  ])oints  at  which 
the  influence  of  different  types  of  construction  is  applied 
differ,  however.  The  erection  of  a  steel  bridge  yields  a 
different  distribution  of  effect  than  is  involved  in  the 
construction  of  a  concrete  pavement,  and  neither  shows 
exactly  the  same  distribution  as  the  construction  of  a 
monumental  building.  But  this  is  of  little  consequence, 
for  though  the  application  of  effect  is  at  different  points, 
in  all  of  these  cases  the  general  effect  is  much  the  same. 

The  discussion  which  follows  shows  that  while  about 
80  to  90  per  cent  of  the  money  expended  for  concrete 
pavement  construction  is  ultimately  paid  out  as  salaries 
and  wages,  only  about  one-seventh  or  approximately 
15  per  cent  is  paid  to  those  employed  on  the  jobs  where 
these  pavements  are  being  built. 

Further  analysis  shows  that  about  one-third  of  the 
cost  of  pavement  is  paid  to  producers  of  materials 
(sand,  gravel,  stone,  cement,  and  steel)  which  are  com- 
ponents of  such  construction.  Another  third  is  paid 
to  the  railroads  and  other  transportation  companies  for 
transport  service  on  account  of  the  collection  and  de- 
livery of  these  materials.  A  large  part  of  the  remaining 
cost  is  paid  to  the  producers  of  equipment.  In  all  of 
these  fields  the  gross  payments  made  by  the  contractor 
are  further  distributed  by  the  producer  or  the  manu- 
facturer through  liis  pay  rolls  and  expense  payments. 
Labor  receives  the  major  share  of  this  distribution  as 
the  materials  entering  into  liighway  construction  are  of 
little  value  in  their  original  state.  Values  are  created 
by  the  application  of  labor  in  manufacturing  processes 
and  in  transportation. 

Labor  employed  on  the  job  in  quarries  and  pits, 
cement  mills,  by  railroads  and  other  transportation 
agencies,  in  the  steel  mills,  powder  mills,  blast  furnaces, 
ore  pits  or  deposits,  by  equipment  and  machinery 
manufacturers,  and  by  producers  and  distributors  of 
the  materials  and  supplies  used  by  the  above  agencies, 
receives  some  part  of  the  dollar  expended  for  highway 
construction.  For  the  most  obvious  phases  of  such 
construction,  i.e.,  laying  the  pavement,  production  of 
materials,  and  transportation  of  materials  and  equip- 
ment, about  15  per  cent  is  paid  to  labor  utilized  on  the 
job;  about  12  per  cent  for  labor  in  the  quarries,  mills, 
gravel  and  sand  pits  producing  materials  for  the  pave- 
ment; and  about  14  per  cent  as  salaries  and  wages  to 
railroad  and  other  transportation  employees  engaged 
in  transport  of  materials  to  the  job. 

In  addition  to  these  operations,  the  equipment  must 
be  built;  repairs  and  spare  parts  must  be  provided. 
Materials  other  than  those  cited  above  are  required  for 
equipment  needs,  all  of  which  involve  labor  and 
additional  transportation  which  again  involves  addi- 
tional labor,  with  the  final  result  that  instead  of  the 
40  per  cent  of  cost  aUotted  to  labor  employed  on  the 
most  obvious  phases  of  the  work  it  appears  that  about 
three-quarters  of  the  cost  of  the  pavement  is  ultimately 
paid  out  as  compensation  for  the  work  done  in  the 
processes,  operations,  and  manufacture  by  which  the 
multitude  of  raw  materials  are  produced,  manipulated, 
transported,  and  finally  combined  into  the  finished 
pavement.     Thus,   several   times   as   much   money   is 
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finally  disbursed  to  labor  in  a  widely  diversified  field  of 
occupations  as  is  paid  to  the  labor  actually  engaged  in 
la3dng  the  pavement. 

Of  the  balance,  wliich  is  made  up  of  such  items  as 
profit,  interest,  rents,  and  charges  for  depletion,  the 
major  portion  is  reexpended  as  capital  investment  for 
new  construction  in  some  form,  as  for  new  factories  or 
new  buildings,  where  about  the  same  proportion  of  the 
total  expenditure  is  paid  out  in  salaries  and  wages  as  is 
paid  out  in  the  highway  field.  When  the  salaries  and 
wages  resulting  from  such  use  of  profits  are  added  to  the 
salaries  and  wages  developed  above,  it  will  be  found  that 
about  90  per  cent  of  all  payments  for  the  construction 
of  concrete  pavements  is  ultimately  converted  into 
salaries  and  wages. 

The  analysis  is  terminated  at  the  point  where  further 
employment  of  the  funds  concerned  takes  the  form  of 
personal  expenditures  by  the  recipients  of  wages,  profits, 
interest,  rents,  etc.  This  further  turn-over  of  the  money 
originally  expended  for  highways  undoubtedly  acts  as  a 
stimulus  to  business  in  general;  the  present  discussion, 
liowever,  is  concerned  only  with  the  share  received  by 
the  labor  and  salaried  personnel  employed,  directly  or 
indirectly,  in  the  construction  of  highways. 

COST  ITEMS  ANALYZED  IN  DETAIL 

It  will  be  of  interest  to  examine  these  expenditures  in 
greater  detail,  and  for  this  purpose  the  following  primary 
separation  of  the  cost  of  concrete  pavements  has  been 
made. 

1.  The  direct  cost  of  laying  concrete  pavement 
(production  expense). 

a.  Labor. 

b.  Aggregates. 

c.  Cement. 

d.  Steel. 

e.  Equipment. 

These  items  cover  the  labor  employed  in  connection 
with  the  various  operations  incident  to  laying  the 
pavement,  the  cost  of  all  materials  of  winch  the  pave- 
ment is  composed  and  the  costs  represented  by  the 
equipment  used. 

2.  Expense  incurred  in  connection  with  laying 
concrete  pavement  other  than  for  production. 

/.  Installation  of  plant. 

g.  Bonds  and  insurance. 
There  are  always  certain  prehminary  expenses  inci- 
dent to  this  work  which  must  be  met,  such  as  the  cost  of 
getting  on  to  the  job,  the  cost  of  developing  a  working 
organization,  and  the  cost  of  bonds  and  insurance. 

3.  Job  margin. 

h.  Overhead. 
i.  Financing. 
j.  Net  profit. 

Overhead,  which  includes  central  office  salaries, 
rented  quarters,  the  cost  of  bidding,  etc.,  together  with 
the  cost  of  financing,  must  be  paid  out  of  job  margin. 
After  these  and  related  expenses  are  satisfied  the  remain- 
der is  the  net  profit  on  whatever  money  is  invested  in 
the  enterprise. 

Based  on  1929  prices  in  three  typical  States  we  have 
the  first  column  of  Table  1,  which  follows,  as  being 
reasonably  representative  of  the  first  or  primar}^ 
distribution  of  cost  of  an  average  concrete  paving  job. 
These  costs  per  square  yard,  when  reduced  to  equiv- 
alent parts  of  pavement  work  done  to  the  extent  of 
$1,000,  result  in  the  distribution  that  is  used  in  tracing 
the  conversion  of  moneys  paid  for  the  construction  of 
concrete  pavement  into  payments  for  salaries  and 
wages. 


Table  1. — Primary  distribution  of  cost  of  average  concrete  -paving 
job,  based  on  1929  prices  in  3  typical  States 


Item 


a.  Labor.- 

b.  Aggregate 

c.  Cement 

d.  Steel 

e.  Equipment.. 

/.  Getting  on  to  job 

g.  Bonds  and  insurance 
h.  Job  margin 


Cents  per 

square 

yard 


Dollars 
per  $1,000 
expendi- 
ture 


0.26 
.60 
.60 
.05 

.im 

.05 
.04 
.06H 


L85 


$141 
324 
324 
27 
100 
27 
22 
35 


1,000 


A  distribution  based  on  1930  prices  would  differ 
somewhat  from  the  above.  A  still  greater  divergence 
would  be  observed  between  a  distribution  based  on 
current  prices  and  the  distribution  given  above. 
Indeed,  such  a  distribution  of  the  cost  of  concrete 
pavement  as  the  one  given  above  changes  with  every 
modification  in  the  cost  of  labor  or  the  cost  of  materials. 
It  also  changes  as  the  average  efficiency  with  which 
this  work  is  handled  changes,  as  well  as  with  every 
improvement  in  methods  and  macliines. 


1923 


Figure  1. — Trend  in  Unit  Cost  of  Concrete  Pavement 
FOR  One  State,  During  the  Years  from  1922  to  1929. 
The  Maximum  Spread,  A,  Between  Materials  Cost 
AND  Average  Bid  Price,  Is  $1.28;  the  Spread  in  1929, 
B,  Is  not  Over  $0.53 

To  show  something  of  the  nature  of  these  changes 
Figure  1  has  been  included  in  this  discussion.  This 
figure  is  a  graphical  presentation  of  the  trend  in  the  cost 
of  concrete  pavement  in  one  State,  together  with  the 
trend  in  the  cost  of  materials  used  in  the  concrete. 
It  is  to  be  observed  that,  wliile  the  cost  of  materials 
has  decreased,  the  cost  of  the  other  elements  has 
decreased  quite  as  steadily  and  rather  more  rapidly. 
In  short,  such  a  distribution  as  that  given  in  Table  1  is 
of  momentary  applicability  only. 

There  would  have  been  definite  advantages  in  basing 
a  discussion  of  this  sort  on  current  conditions  rather 
than  on  those  existing  in  1929;  but  in  an  analysis  of 
this  sort  much  use  must  be  made  of  figures  regularly 
collected  by  the  Bureau  of  the  Census,  and  no  figures 
collected  by  the  Bureau  of  the  Census  on  the  subject 
of  manufactures  are  available  for  any  later  date  than  the 
year  1929.  Bureau  of  Internal  Revenue  figures  have 
also  been  freely  used  and,  when  this  analysis  was  made, 
these  were  not  available  for  any  later  date  than  1928. 
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DISTRIBUTION  OF  THE  HIGHWAY  DOLLAR  IN  THE  MARKETS  OF  THE  NATION 


The  primary  distribution  of  costs  in  Table  1  shows 
the  labor  directly  employed  on  the  job  as  Item  a.  For 
the  purpose  of  showing  a  resume  of  the  labor  indirectly 
employed  Table  2  is  given  below.  This  table  is  made 
up  of  a  series  of  statements  showing  the  accumulation 
of  labor  costs  as  one  item  after  another  is  broken  down 
to  show  the  included  labor  cost.  The  anal^'sis  is  dis- 
continued at  the  point  (section  7)  where  the  remaining 
items  other  than  salaries  and  wages  are  in  the  form  of 
payments  to  owners,  i.  e.,  owners  of  the  business,  of 
property,  or  of  money  used  in  the  various  businesses 
involved.  The  extent  to  which  these  items,  interest, 
rents,  profits,  and  reserve,  are  ultimately  expended  in 
salaries  and  wages  is  discussed  in  the  latter  part  of  the 
report.  Following  Table  2  is  a  presentation  of  the 
supporting  evidence  on  which  these  statements  are 
based. 

Item  a.  Labor. — Table  1  indicates  that  14.1  per  cent 
of  the  cost  of  concrete  paving  is  used  directly  in  the 
payment  of  salaries  and  wages.  In  the  production  of 
concrete  pavements  labor  is  used  directly  in  preparing 
the  subgrade,  in  handling  materials,  in  hauling  them 
to  the  mixer,  in  operating  equipment,  and  in  taldng  care 
of  the  curing  of  the  pavement,  as  well  as  for  the  purpose 
of  accomplishing  the  numerous  other  details  incident 
to  tliis  work.  The  general  practice  is  to  organize  a 
paving  crew  which  thereafter  is  of  fairly  uniform  size 
and  therefore  of  fairly  uniform  cost  per  working  day. 
The  labor  element  of  cost  listed  above  in  the  second 
colunm  of  Table  1  is  the  average  cost  of  worldng  this 
crew  per  $1,000  worth  of  Portland  cement  concrete 
pavement  completed.  The  actual  labor  cost  varies 
somewhat,  the  minimum  being  around  $115  and  the 
maximum  around  $175  with  an  average  that  appears 
to  be  not  far  from  $141  of  each  $1,000  spent  in  this 
field. 

This  is  not  the  whole  cost  of  labor  used  directly  on 
paving  work,  for,  as  \vill  be  developed  in  subsequent 
paragraphs,  labor  is  used  in  getting  on  to  the  job  and 
in  preparing  plant  and  equipment  for  the  work  of 
production  that  is  to  follow,  and  some  expenditure  for 
clerk  liire,  salaries,  etc.,  is  involved  in  overhead.  As 
that  part  of  the  cost  of  pavement  which  is  covered 
imder  the  item  labor  is  a  matter  of  payments  to  labor 
used  on  the  job,  a  further  analysis  of  these  payments  is 
not  required.  The  purpose  here  is  to  indicate  the 
amount  of  the  cost  of  pavements  of  this  type  which,  in 
one  way  or  another,  is  paid  out  as  salaries  and  wages. 

Item  b.  Aggregates. — Of  the  total  cost  of  concrete 
pavement  an  average  of  about  $324  per  $1,000  spent 
is  paid  for  aggregates  (sand  and  gravel,  stone,  and  slag) 
f.  o.  b.  cars  at  the  contractor's  materials  yard.  This 
price  includes  two  items:  Freight  charges  and  the  cost 
of  materials  f.  o.  b.  cars  at  points  of  origin — that  is, 
at  the  quarries,  gravel  pits,  sand  pits,  slag  piles,  etc., 
where  these  materials  are  produced.  The  data  avail- 
able are  not  in  sufficient  detail  to  indicate  an  exact 
division  of  cost  between  these  two  fields.  In  general, 
freight  charges  on  aggregates  run  between  50  cents  and 
$1.25  a  ton,  the  average  charge  reported  by  several 
shippers  being  in  the  neighborhood  of  $1  a  ton.  This 
can  not  be  far  from  correct  as  statistics  published  by 
the  Interstate  Commerce  Commission  (Freight  Com- 
modity Statistics,  year  ending  December  31,  1929), 
show  that  during  the  year  1929  there  were  81,408,069 
tons  of  gravel  and  sand  delivered  to  the  railroads  for 
shipment  as  revenue  freight,  and  that  the  gross  revenue 


Table  2. — Dislribulion  of  $1,000  paid  for  concrete  highway, 
showing  the  approximate  total  amount  which  reaches  labor  i7i 
each  of  seven  successive  steps 

(1)  The  contractor's  distribution  of  $1,000  expended  (Table  1, 

column  2) : 

1.  Labor $141.00 

2.  Aggregates 324.00 

3.  Cement 324.  00 

4.  Steel 27.00 

5.  Equipment 100.  00 

6.  Plant  installation 27.00 

7.  Bonding,  etc 22.00 

8.  Gross  profit 35.  00 

1,  000.  00 

(2)  After  distribution  of  contractor's  charges  (see  Table  3) : 

1.  Salaries  and  wages $302.70 

2.  Freight 1406.70 

3.  Materials  and  supplies '30.15 

4.  Fuel 35.  50 

5.  Interest 14.10 

6.  Taxes 24.  10 

7.  Depreciation  and  repairs "118.15 

8.  Depletion 10.50 

9.  Profit 48.10 

10.  For  redistribution 10.00 

1,  000.  00 

(3)  After  distribution  of  freight  charges  (see  p.  30) : 

1.  Salaries  and  wages $477.  70 

2.  Materials  and  supplies 70.55 

3.  Fuel 57.20 

4.  Interest,  rents,  etc 61.70 

5.  Taxes 49.70 

6.  Depreciation  and  repairs 171.65 

7.  Profit 91.00 

8.  Depletion 10.50 

9.  For  redistribution 10.  00 

1,  000.  00 

(4)  After  distribution  of  fuel  costs  (see  p.  30) : 

1.  Salaries  and  wages $516.00 

2.  Materials  and  supplies 77.  20 

3.  Interest,  rents,  etc 63.  75 

4.  Taxes 51.40 

5.  Depreciation  and  repairs 175.  75 

6.  Profit 91.00 

7.  Depletion 14.90 

8.  For  redistribution 10.00 

1,  000.  00 

(5)  After  distribution  of  depreciation  and  cost  of  repairs  (see 

p.  31): 

1.  Salaries  and  wages $568.70 

2.  Materials  and  supplies 176.  45 

3.  Interest,  rents,  etc 65.50 

4.  Taxes 55.80 

5.  Depletion 14.90 

6.  Profit 108.65 

7.  For  redistribution 10.  00 

1,  000.  00 

(6)  After  distribution  of  cost  of  materials  and  supplies  (see  p.  31) : 

1.  Salaries  and  wages $730.90 

2.  Interest,  rents,  etc 73.95 

3.  Taxes 2  39.  45 

4.  Depletion 17.95 

5.  Profit 127.75 

6.  For  redistribution 10.00 

1,  000.  00 

(7)  After  distribution  of  taxes  and  $10  for  redistribution  (see 

p.  31): 

1.  Salaries  and  wages $771.50 

2.  Interest,  rents,  etc 81.30 

3.  Profit 129.05 

4.  Reserve  for  depletion... 18.15 

1,  000.  00 


1  These  items  adjusted  for  freight  charges  assignable  to  materials,  supplies,  replace- 
ments, and  repairs. 

2  This  item  adjusted  for  amount  transferred  to  materials  and  supplies. 
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from  this  source  was  $69,420,839,  or  about  85  cents 
per  ton.  Crushed,  broken,  or  ground  stone  produced 
33,529,078  tons  of  revenue  freight  from  which  the 
revenue  was  $29,860,479,  or  a  Uttle  over  89  cents  per 
ton. 

As  a  general  rule  quarries,  gravel  pits,  and  sand  pits 
are  located  with  their  major  markets,  the  larger  cities, 
in  mind.  When  the  average  freight  charges  are  con- 
sidered in  the  light  of  this  fact,  the  average  freight 
charge  on  materials  sent  to  highway  projects — about 
$1  a  ton  as  given  by  the  larger  producers — does  not 
appear  to  be  estimated  too  high. 

The  Bureau  of  Mines  (Sand  and  Gravel  in  1928  and 
Sand  and  Gravel  Production  in  1929)  gives  the  pro- 
duction and  the  value  of  paving  sand  and  paving 
gravel  produced  in  the  United  States  as  follows  (average 
values  as  shown  are  computed  from  the  figures  given 
by  the  Bureau  of  Mines) : 


Tons 

Value 

t 

Value  per 
ton 

Paving  sand: 

1927 

35,  606,  622 
35,  244,  544 
40,  801, 991 
44,  891,  975 
49,  088,  786 
60,  029, 164 

.$17,767,491 
17,  305,  750 
21,131,731 

29,  887,  305 

30,  697,  993 
.38,  695,  207 

$0.  50 

1928 _ 

1929             

.49 
.52 

1927 

.67 

1928       

.63 

1929... .-- 

.64 

Similar  figures  on  broken  stone  for  concrete  nnd  road 
metal  as  released  by  the  Bureau  of  Mines  (Stone  in 
1928  and  Production  of  Stone  in  1929)  are  as  follows: 


Quantity 

Value 

Value  per 
ton 

Broken  stone:    1927 

1928    . 

78, 544,  210 
74,  384,  490 
76, 174,  770 

$84, 177,  237 
81,  041,  349 
80,  685,  493 

$1.07 
1.09 

1929 

1.06 

If  the  average  freight  charges  on  sand,  gravel,  and 
broken  stone  at  $1  a  ton  are  combined  with  the  average 
sand  and  gravel  prices  given  above,  the  following 
results: 


Average  values  per  ton 

Freight  charges  per  ton. 

Value  as  delivered  on  tlie  job 

Approximate  price  per  cubic  foot  delivered 

Percentage  chargeable  to  freight 


Sand   I  Gravel 


$0.52 
1.00 
1.52 
.07!4 
66 


i$0.  64 
1.00 
1.64 
.08H 
61 


Broken 
stone 


$1.00 
1.00 
2.00 
.  10  H 
49 


These  prices  per  cubic  foot  of  aggregate  delivered 
on  the  job  are  substantiall}^  in  harmony  with  the  average 
cost  of  aggregate  given  above — about  60  cents  per 
square  yard  of  pavement  laid.  Therefore,  they  are 
used  as  reasonably  accurate  and  as  indicating  that  the 
charges  for  freight  absorb  about  60  per  cent  of  the  cost 
of  aggregate  delivered  on  the  job. 

Meticulous  accuracy  would  I'equire  a  somewhat 
closer  division  of  costs  than  this  ;iud  a  somewhat  wider 
distribution  of  transportation  charges,  for  some  of  the 
aggregate  used  in  pavement  construction  is  moved 
from  points  of  origin  to  the  site  of  the  work  in  trucks,  and 
a  small  fraction  is  barged.  However,  no  exact  data  on 
the  amounts  so  handled  are  available.  The  great  bulk 
of  these  materials  move  by  rail  and  the  division  of  cost 
f.  0.  b.  contractors'  yards,  though  an  appro.ximation, 
is  as  accurate  as  available  figures  will  produce  and 
quite  accurate  enough  to  yield  significant  results. 


Concerning  the  distribution  of  the  cost  of  sand  and 
gravel  f.  o.  b.  cars  at  points  of  origin,  the  Bureau  of 
the  Census  has  released  prehminary  data  under  date 
of  January  28,  1931.  This  release  is  based  on  the 
production  during  1929  of  165,526,075  tons  of  sand  and 
gravel  in  plants  producing  more  than  25,000  tons  annu- 
ally. For  this  same  period  the  Bureau  of  Mines  re- 
ported a  total  production  of  99,253,054  tons  of  sand  and 
123,318,851  tons  of  gravel.  The  average  vlaue  of  the 
total  production  in  both  cases  is  about  50  cents  a  ton. 
Therefore,  while  it  would  seem  that  the  figures  collected 
by  the  Bureau  of  the  Census  omit  a  considerable  ton- 
nage of  material  [produced  by  the  smaller  companies, 
it  also  is  apparent  that  the  average  value  of  the  pro- 
duct has  not  been  disturbed  by  this  situation. 

The  data  as  to  the  sand  and  gravel  industry  released 
l)y  the  Bureau  of  the  Census  includes  the  following 
information : 


Amount 


Value  of  product,  f.  o.  b.  plant..- $100,016,527 

Salaries  and  wages,  including  contract  work |  33,470, 169 

Supplies .1  11,666,227 

Fuel,  including  piu'chased  electric  power i  8,573,  371 

Equipment  purchased  dm'ingyear i  6,757,694 


Per 
cent 


100.0 
33.5 
11.7 
8.6 
6.8 


The  census  of  mines  and  quarries  for  the  year  1919 
gives  the  following  data  as  to  quarrjdng  costs: 


Capital 

Salaries 

Wages _ 

Contract  work 

IVIaterials  and  supplies.. 

Fuel 

Purchased  power 

Royalties  and  rents 

Taxes 

Total  expense 

Total  value,  all  products 
Value  of  stone  produced. 
Value  of  other  products.. 

Stone  produced,  tons 


All  rocks 


$148, 759, 533 


7, 168, 303 

45,  534, 798 

995,  976 

18,  441,  459 

5,  267,  846 

2,  213,  459 

1,  381, 290 

2, 088, 170 


83, 091,  301 

101,684,919 

100,  423,  476 

1,201,443 


67, 884,  000 


Limestone 
only 


$82, 124, 367 


3,  726,  593 

23, 926,  332 

065,  557 

10,  968,  220 

2,  897,  432 

1,278,958 

667,  751 

1,119,861 


45,  250,  704 

52,  943,  924 

51,  967,  290 

976,  634 


49, 715, 000 


Per  cent ' 


7.0  1 
45.2  } 
1.3  J 
20.8 
5.5 
2.41 
1.35 
2.01 


85.6 


1  Percentage  which  each  item  in  the  column  headed  "Limestone  only"  bears  to 
total  value  all  products,  $52,943,924. 

Since  these  figures  were  collected  there  has  been  some 
change  in  quarry  practices  but,  on  the  whole,  rather 
less  than  in  most  production  fields,  for  the  general 
methods  followed  in  quarrying,  handling,  crushing,  and 
loading  stone  are  very  much  the  same  to-day  as  they 
were  10  years  ago.  Therefore,  though  production  has 
risen  a  good  deal  (being  given  by  the  Bureau  of  Mines 
as  136,345,130  tons  in  1927,  133,869,510  tons  in  1928, 
and  141,109,580  tons  in  1929)  the  cost  distribution 
has  changed  only  a  little.  This  may  be  seen  from  the 
fact  that  the  Bureau  of  Mines  shows  22,967,579  man- 
daj^s  worked  during  1929.  (Quarry  Accident  Statis- 
tics.) Reports  issued  by  the  Bureau  of  Labor  Sta- 
tistics (Trend  of  Employment  and  Labor  Turnover, 
October,  1930,  p.  2,  and  Monthly  Labor  Review,  April, 
1930,  p.  158)  indicate  that  the  average  weeldy  wage, 
full  time  worked,  in  the  quarries  operated  by  cement 
companies  was  a  little  under  $30  a  week.  Assuming 
that  the  wages  paid  in  independent  quarries  were  about 
what  they  were  in  the  quarries  owned  by  the  cement 
companies,  labor  cost  in  1929  could  not  have  been 
much,  if  any,  over  $110,000,000  and  probably  was 
about   $103,000,000.      The   total   value   of   the  stone 
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marketed  was  $202,692,762,  so  that  the  labor  fraction 
probably  exceeded  50  per  cent  of  the  value  of  the  stone 
f.  o.  b.  cars  at  the  quarries. 

_  In  the  statistics  issued  by  the  Bureau  of  Mines,  non- 
dimension  stone  is  charged  with  14,987,172  man-days 
of  labor,  which,  at  the  figures  given  above,  must  have 
cost  somewhere  between  $68,000,000  and  $75,000,000. 
Nondimension  stone  is  assumed  to  include: 


Crushed  stone _. 

Furnace  flux 

Refractory  stone 

Agricultural  limestone 

Manufacturing  industries 

Rubble 

Riprap 


Tons 


Value 


92,  721,  260 

$94, 387, 878 

24, 393, 500 

18, 034, 910 

1, 558,  200 

1,807,324 

2,  654,  580 

3,  764,  775 

7,  430,  749 

6,  361,  201 

907,  810 

1,  324,  681 

4,  212, 990 

5, 030, 743 

133, 879, 089 

130,711,512 

From  this  it  would  also  appear  that  the  labor  fraction 
in  the  cost  of  crushed  stone  is  still  somewhere  between 
50  per  cent  and  60  per  cent  of  the  total  cost;  in  other 
words,  that  the  1919  cost  distribution  given  above  is 
not  inapplicable  to  crushed  stone  production  under 
current  conditions. 

Of  the  aggregates  used  in  producing  concrete  pave- 
ments about  35  per  cent  is  sand.  There  are  no  very 
reliable  data  as  to  the  amount  of  gravel  used  as  com- 
]:)ared  to  the  amount  of  broken  stone  used.  However, 
it  will  be  assumed  that  45  per  rent  is  gravel  and  20  ])er 
cent  broken  stone,  a  distribution  believed  to  be  reason- 
ably accurate. 

If  the  figures  for  gravel  and  sand  production  costs 
and  the  distribution  of  the  production  cost  of  broken 
stone  as  given  above  are  combined  on  this  basis,  it 
would  appear  that  the  following  is  a  reasonable  dis- 
tribution for  the  aggregate  field  taken  as  a  whole. 

Per  cent 

Salaries  and  wages 38 

supplies 14 

power syi 

These  figures  account  for  about  GO  per  cent  of  the 
value  of  the  aggregates  purchased;  the  balance,  nearly 
40  per  cent,  is  unexplained  in  this  statement.  In  the 
more  complete  distribution  of  this  item  the  latest 
reports  of  the  Bureau  of  Internal  Revenue  (^Statistics 
of  Income  for  1928)  give  the  following  information 
which  is  at  least  reasonably  applicable. 

Item.  8.  Mining  and  quarrying  not  elseivhere  specified — Lessors 
and  holders. — (NotEi — This  item  includes  corporations,  but  not 
individuals,  operating  quarries,  gravel  pits  and  sand  pits,  as 
well  as  a  fraction  of  other  operations  in  the  mining  and  quarrying 
field  not  otherwise  listed.) 

Gross  sales — • 

Corporations  reporting  net  income $60,  284,  447 

Corporations  reporting  no  net  income 46,  917,  270 

Total 107,201,717 

Net  income  or  deficit — 

Corporations  reporting  net  income 22,  504,  402 

Corporations  reporting  no  net  income — 16,  817,  324 

Total  net  income 5,  687,078 

Net  income,  per  cent 5.  31 

The  figures  published  by  the  Bureau  of  Internal  Rev- 
enue do  not  include  a  further  distribution  of  Item  S, 
but  for  the  mining  and  quaiTying  industry  as  a  whole, 
the  following  figures  are  given: 


Per  cent 

(~!ost  of  goods  sold 59.  79 

Compensation  of  officers 1.  54 

Interest  paid 2.  76 

Taxes  paid,  other  than  income 2.  22 

Bad  debts .  32 

Depreciation 5.  74 

Depletion 5.  89 

Miscellaneous  deductions 16.  36 

Net  profit 5.  38 

100.  00 
Combining  these  figures  with  those  developed  above, 
it  would  appear  that  the  following  is  reasonably  repre- 
sentative of  the  distribution  of  costs  in  the  production 
of  aggregate: 

Percent 

Salaries  and  wages 38.  0 

Supplies 14.  0 

Fuel,  including  purchased  power 8.  5 

Interest  paid 2.  8 

Taxes,  other  than  income 2.  2 

Bad  debts .  3 

Depreciation 5.  7 

Depletion 5.  9 

Miscellaneous  expense 17.  3 

Profit  (5.3  per  cent  less  Federal  income  tax) 3.  1 

Income  tax 2.  2 


100.  0 

While  miscellaneous  expense  no  doubt  contains  a 
variety  of  items,  in  this  particular  field  it  is  so  largely 
a  matter  of  repairs  and  replacements  of  equipment  that 
it  will  hereafter  be  so  treated. 

Applying  these  figures  to  that  part  of  each  $1,000 
spent  for  aggregates,  the  following  table  results: 

Proportion  of  each  $1,000  spent  for  concrete  roads  gener- 
ated by  expenditures  for  materials $324 

Freight 194 

Salaries  and  wages 50 

Supplies 18 

Fuel,  including  purchased  power 11 

Interest 4 

Taxes,  including  income  tax 6 

Bad  debts,  less  than  50  cents (') 

Depreciation  and  depletion 15 

Repairs  and  replacements 22 

Profit 4 

324 

Item  c.  Cement. — The  cqst  of  cement  absorbs  an 
average  of  about  $324  out  of  every  $1,000  spent  on 
concrete  pavement.  The  average  cost  of  cement  is 
fairly  accurately  indicated  by  the  fact  that  during  the 
fiscal  year  ended  June  30,  1929,  vouchers  for  Federal- 
aid  payments  included  4,278,485  barrels  of  cement 
Usted  separately.  The  cost  of  this  cement,  including 
freight,  was  $8,855,676  or  an  average  cost  of  about 
$2.07  per  barrel.  During  1929  there  were  25,008,203 
tons  of  cement  delivered  to  the  railroads  for  shipment 
and  freight  charges  to  the  amount  of  $67,083,562  were 
collected.  This  indicates  an  average  freight  charge  of 
about  51  cents  per  barrel  and  an  average  value  for  the 
cement  purchased  separately  for  use  on  Federal-aid 
highway  construction  of  about  $1.56  per  barrel.  The 
figures  published  by  the  Bureau  of  Mines  give  the  aver- 
age mill  price  of  cement  as  $1.62  during  1927;  as  $1.57 
during  1928;  and  as  $1.48  during  1929.  The  Bureau  of 
the  Census  figures  indicate  an  average  value  for  1929 
of  $1.53.  This  figure  is  based  on  a  production  of  169,- 
,322  barrels  of  Portland  cement  the  value  of  which 
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is  given  as  $260,428,797.  On  the  basis  of  51  cents 
for  freight  and  $1.48  as  the  1929  price  of  cement,  it 
would  appear  that  about  three-fourths  of  the  cost  of 
cement  is  a  charge  for  cement  at  the  mills,  and  that  about 
one-fourth  is  a  charge  for  freight;  or,  that  of  the  $324 
per  $1,000  spent  on  pavements  about  $81  is  paid  for 
freight  and  about  $243  is  paid  for  cement  f.  o.  b.  cars 
at  the  cement  mills. 

As  in  other  cases  where  freight  is  involved  it  is,  of 
course,  obvious  that  the  railroads  do  not  transport  all 
of  the  materials  shipped.  Some  of  it  moves  in  barges 
and  quite  a  little  moves  in  trucks;  however,  by  far  the 
larger  part  of  the  cement  used  in  constructing  highways 
moves  by  rail,  so  that  for  simplicity  in  analj^sis  it  will 
be  assumed  that  it  all  does. 

The  census  of  manufacturers  gives  the  following 
figures  for  the  cement  industry  for  1927  shown  in  the 
first  column  and  for  1929  the  more  limited  information 
shown  in  the  second  column  (Summary  bv  Industries, 
1929). 


Value  of  Portland  cement  produced.  _ 

Salaries  ' 

Wages  ' 

Materials  and  .supplies  ' 

Fuel  and  power  ' _. 


1U27 


$287,431,268  '  $260,428,797 

16,331,586  I 

53,  110,475 
59,  495,  154 
60,516,871 


47,872,091 
92, 599, 816 


Value  per 
barrel 


1927 


$1.66 
.093 
.303 
.339 
.345 


1929 


$1.53 


.278 


'  These  figures  include  natural  and  puzzolan  cement,  valued  at  less  than  2  per  cent 
of  total  value  of  all  cement.  They  are  obtained  by  dividing  the  costs  shown  in  columns 
1  and  2  by  the  corresponding  production  including  natural  and  puzzolan  cement 
(1927,  175,330,381  barrels;  1929,  172,052,493  barrels). 

During  the  hearings  before  the  Committee  on  Ways 
and  Means  (House  of  Representatives,  70th  Cong.), 
representatives  of  the  cement  companies  filed  various 
documents  dealing  with  the  cost  of  producing  cement. 
Table  2  from  page  8,344  of  volume  15  of  these  hearings, 
which  is  based  on  data  reported  by  101  plants,  gives 
the  information  shown  in  the  first  column  below. 
These  figures  are  for  the  year  1927.  The  second 
column  gives  similar  figures  compiled  from  reports 
from  122  mills  for  1929  which  were  presented  before 
the  United  States  Tariff  Commission  in  connection 
with  a  recent  hearing  on  the  duties  on  cement. 


Raw  materials  quarried  and  purchased,  including  labor. 
Fuel.. 


Manufacturing  labor 

Packing  and  shipping  labor 

Power,  including  labor.. 

Other  manufacturing  expense,  including  labor... 

Packing  and  shipping,  exclusive  of  labor.. 

General  and  administrative  expense... 

Selling  expense 

Depreciation  on  buildings  and  equipment 

Inventory  adjustment 

Interest  on  investment  (computed  at  6  per  cent). 


1927  cost 
in  cents 
per  barrel 


20.12 
24.30 
14.21 

4.07 
13.19 
14.63 

5.44 
21.64 
13.85 


19.14 


150.  59 


1929  cost 
in  cents 
per  barrel 


20.11 
21.86 
11.49 


11.62 
14.81 
'  9.  58 
13.03 
14.61 
11.77 
.26 
19.60 


148.  64 


'  Includes  labor. 

Another  table  given  in  the  report  of  hearings  before 
the  Committee  on  Ways  and  Means  (p.  8345),  based 
on  reports  from  a  limited  number  of  plants  but  believecl 
to  be  reasonably  representative,  gives  the  1927  labor 
costs  of  the  following  items  not  separately  reported 
above  as  follows: 


Quarrying. 

Power 

Repairs 

Laboratory 


Number  of 
plants  re- 
porting 


Labor  cost 
in  cents 
per  barrel 


6.40 
2.69 
2.73 
1.31 


The  data  presented  to  the  United  States  Tariff 
Commission  subdivides  selling  expense  during  1929  as 
follows : 

Cents  per  barrel 

Salesmen's  salaries  and  expenses 6.  98 

Commissions .  31 

Other  selling  expense 7.  32 

14.  61 

The  figures  given  above  indicate  that  the  cost  of  raw 
materials  did  not  change  materially  from  1927  to  1929. 
The  cost  of  power  dropped  a  little,  presumably  on 
account  of  changes  in  the  cost  of  coal,  and  in  the  general 
efficiency  of  operation,  which  evidently  was  somewhat 
improved ;  for  the  Bureau  of  Mines  reports  135.8  pounds 
of  coal  used  per  barrel  of  cement  produced  in  the  mills 
that  used  coal  as  fuel  in  1927,  against  a  consumption  of 
132.3  pounds  per  barrel  in  1929.  The  cost  of  packing 
and  shipping  changed  very  little.  Presumably  the 
labor  used  in  making  repairs  and  the  salaries  and  wages 
paid  in  the  laboratories  were  equally  stable. 

In  view  of  these  facts  it  would  appear  that,  exclusive 
of  salaries  and  wages,  which  are  a  part  of  administrative 
expense  or  a  part  of  selling  expense,  the  cost  of  the 
labor  used  in  producing  cement  during  1929  is  indicated 
with  reasonable  accuracy  by  the  following  table: 

Labor  costs  per  barrel  of  cement  produced 

Cents  per  barrel 

Manufacturing  labor 11.  49 

Packing  and  shipping 4.  07 

Quarrying 5.  40 

Power 2.  69 

Repairs 2.  73 

Laboratory 1.  31 

27.  69 

This  figure  is  in  substantial  agreement  with  the 
figure  given  by  the  Bureau  of  the  Census — 27.9  cents. 

Financial  reports  of  cement  companies  controlling 
about  44  per  cent  of  the  national  production  capacity 
indicate  a  bonded  indebtedness  in  1930  of  $41,735,500, 
which  suggests  a  total  outstanding  bonded  indebted- 
ness for  the  industry  as  a  whole  of  about  $95,000,000. 
Interest  charges  on  this  sum  at  5  per  cent  amount  to 
$4,750,000  and  suggest  an  average  interest  change  of 
about  2.8  cents  per  barrel  of  cement  produced. 

Depreciation  is  given  above  as  11.77  cents  per  barrel 
of  cement  produced.  Financial  reports  of  cement  com- 
panies controlling  about  44  per  cent  of  the  total  produc- 
tion capacity  show  charges  in  1930  of  a  little  over 
$10,700,000  for  depreciation  and  depletion,  which 
suggests  a  total  charge  for  all  companies  of  about 
$24,400,000.  As  this  charge  does  not  change  a  great 
deal  from  year  to  year,  it  would  appear  that  depre- 
ciation and  depletion  amount  to  about  14.3  cents 
per  barrel.  The  difference,  2.53  cents  per  barrel,  is,  at 
least  in  large  part,  chargeable  to  depletion.  However, 
this  amount  is  somewhat  more  than  an  examination  of 
various  financial  reports  would  indicate  to  be  ordinarily 
allowed  for  depletion.  For  this  reason  depreciation  and 
depletion  are  listed  in  the  redistribution  of  cement 
charges  as  having  the  following  values: 
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Depreciation $20.50 

Depletion 3.  oo 

For  the  year  1927  salaries  as  distinct  from  wa<jes 
were  reported  by  the  Bureau  of  the  Census  as 
$16,331,586.  Business  conditions  in  1929  were  such 
as  to  make  it  probable  that  this  figure  is  reasonably 
representative  of  costs  during  the  latter  year,  which 
would  suggest  a  charge  of  about  9.5  cents  for  salaiies 
for  the  year  1929. 

Taxes  are  not  known  with  any  great  degree  of  exact- 
ness. The  figures  given  by  the  Bureau  of  Internal 
Revenue  (Statistics  of  Income  for  1928)  indicate  that 
the  taxes,  including  Federal  income  tax  paid  by  the 
stone,  clay,  and  glass  industries,  of  which  the  cement 
business  is  roughly  a  quarter,  amounted  to  a  little 
over  2  per  cent  of  the  gross  income.  This  would  sug- 
gest a  charge  of  about  3  cents  a  barrel  on  the  cement 
produced. 

On  the  basis  of  the  figures  given  above,  the  cost  of 
pioducing  cement  may  be  recast  in  the  form  used  in 
this  discussion,  as  follows: 

(.'eats  piT  hanel 

Salaries  and  wages 37.  19 

Supplies   (raw  materials,   le.ss  labor;  shipping  expen.se, 
less    labor;    and    other    manufacturing    expense,    less 

labor) 32.  30 

Fuel  and  power  (less  labor) 30.  79 

Interest 2.  80 

Taxes  (unknown) 3.  00 

Depreciation 14.  30 

Miscellaneous  expense 8.  76 

129.  14 
Profit  on  tlie  basis  of  Bureau  of  Mines  average  value 18.  86 

Bureau  of  Mines  average  value  at  mills 148.  00 

The  item  miscellaneous  expense  was  obtained  by 
adding  the  items  of  general  and  administrative  expense, 
selling  expense,  and  inventory  adjustment,  as  given  in 
the  cost  per  barrel  figures  submitted  at  the  hearings  of 
the  Committee  on  Ways  and  Means  (p.  26) ;  and  deduct- 
ing items  chargeable  to  those  accounts  which  have  been 
otherwise  cared  for  in  this  analysis.  On  this  basis  we 
have — 

Cents  per 
barrel 

General  and  administrative  expense _   13.03 

Selling  expense 14.  61 

Inventory  adjustment .  26 

Total 27.90 

Less — 

Salaries 9.  50 

Laboratory  labor 1.31 

Taxes 3.  00 

Interest 2.  80 

Depreciation  in  excess  of  that  shown  in  previ- 
ous table    (p.  26) 2.53 

19.  14 

Miscellaneous  expense 8.  76 

The  largest  items  appearing  in  the  materials  and 
supplies  account  beside  raw  materials  are  estimated  for 
the  year  1927  as  follows.  (See  testimony  before  the 
Committee  on  Ways  and  Means,  70th  Cong.,  vol.  15, 
pp.  8295  to  8389.) 

Gysum $5,  822,  498 

Explosives 3,467,496 

Bags 2,201,298 

Mill  supplies  and  machinery 21,  695,  496 

33,  186,  788 

Of  the  above,  explosives  are  of  course  a  part  of  the 
charge  for  raw  materials.  If  these  are  deducted  the 
other  materials  listed  generate  a  charge  of  about  17.2 


cents  per  barrel  of  cement,  which,  with  the  reported  cost 
of  raw  materials  (less  labor)  at  14.71  cents,  amounts  to 
about  31.9  cents  or  about  2  cents  less  than  the  total 
the  Bureau  of  the  Census  allocated  to  the  item  of 
materials  and  supplies  (1927).  This  would  seem  to  be 
a  reasonably  accurate  cross  check  though  it  is  probable 
that  some  of  the  cost  of  mill  supplies  and  machinery 
as  reported  by  the  mills  was  generated  by  quarry  opera- 
tion and  therefore  may  appear  in  the  cost  of  raw 
materials. 

Fuel  and  power  are  reported  l)y  the  census  (1927)  as 
having  cost  $60,516,871,  or  34.5  cents  per  barrel. 
The  Bureau  of  the  Census  figures  for  1929  do  not  segre- 
gate this  item.     The  producers  report— 


1927 
(cents 

per 
barrel) 


1929 
(cents 

per 
barrel) 


Fuel - ...     24.30  21. S6 

Power  f including  labor  amountiug  to  2.69  cents,  13.19  cents  for  1927, 

and  11  62  cents  for  1929) lu.  50  «.  9a 

34.80  1  30.79 


The  Bureau  of  M:ines  (Cement  in  1929,  p.  409)  gives 
the  consumption^of  fuel  in  the  production  of  Portland 
cement  as  follows: 

Coal tons.  9,  340,  434 

Oil barrels.  2,  533,  911 

Natural  gas cubic  feet. 41,  643,  433,  045 

Coal  consumption  was  at  the  rate  of  132.3  pounds  per 
barrel  of  cement  produced  in  the  mills  using  coal  as  fuel, 
which  would  indicate  that  had  coal  been  used  exclusively 
the  consumption  would  have  been  about  11,350,000 
tons. 

For  1929  the  cost  of  fuel  and  power  as  reported  by  the 
cement  companies,  less  2.69  cents  for  labor,  amounts  to 
30.79  cents  per  barrel  or  to  something  over  $53,000,000. 
If  for  simplicity  of  analysis  it  is  assumed  that  only  coal 
was  used  for  fuel,  this  would  indicate  a  price  of  about 
$4.50  per  ton  delivered  at  the  cement  mills.  Actually, 
the  producers  estimated  the  1927  cost  of  coal  as  $42,- 
330,074.  The  Bureau  of  Mines  gives  the  amount  of 
coal  used  in  producing  cement  during  1927  as  9,990- 
531  short  tons.  This  would  indicate  a  price  of  a 
little  less  than  $4.25  per  ton,  which  must  be  very  close 
to  the  correct  figure,  for  the  Bureau  of  Mines  gives  the 
average  1927  price  of  coal  at  the  mines  as  $1.99.  The 
average  freight  rate  on  bituminous  coal  is  about  $2.25. 

The  apparent  cost  of  $4.50  noted  above  would  seem 
to  indicate  either  that  the  effective  cost  of  oil  and  natural 
gas  is  a  little  higher  than  the  cost  of  coal,  or  more 
probably  that  the  total  cost  of  fuel  and  power  includes 
minor  charges  for  oil,  grease,  etc.  However,  as  the 
amount  of  charges  of  this  nature  is  unknown,  and  as 
reasonable  accuracy  is  preserved  if  the  whole  cost  of 
fuel  and  power  is  assumed  to  be  an  expenditure  for 
coal,  further  analysis  will  be  on  this  basis.  It  would  then 
appear  that  about  55  per  cent  of  the  cost  of  fuel  and 
power,  or  about  16.9  cents  per  barrel  of  cement,  is  a  charge 
for  freight  and  that  the  balance,  or  substantially  13.9 
cents,  is  a  charge  for  the  cost  of  fuel  at  the  mines. 

If  the  cost  of  mill  supplies  and  machinery  as  given 
above  for  the  year  1927  is  divided  by  the  production 
for  that  year,  the  resulting  cost  per  barrel  of  cement 
produced  is  so  close  to  the  figure  given  for  other  manu- 
facturing expense  less  the  labor  cost  of  making  repairs 
as    to   suggest   that   other   manufacturing   expense   is 
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largely,  if  not  entirely,  a  charge  for  repair  and  replace- 
ment parts.  On  this  account  the  item  supplies  has 
been  divided,  repairs  being  charged  at  12.08  cents  per 
barrel  and  supplies  and  miscellaneous  materials  at 
20.22  cents  per  barrel. 

If  the  facts  and  the  deductions  made  above  are 
reduced  to  a  statement  of  the  number  of  dollars  out  of 
each  $1,000  spent  on  concrete  road  construction  each 
of  these  various  items  generates,  the  following  table 
results: 

Total  value  of  cement  used  per  $1,000  expended $324.  GO 

Freight 81.  00 

Cement  at  the  mill 243.  00 

Salaries  and  wages 61.  00 

Repairs 20.  00 

Supplies  and  materials 33.  00 

Fuel 22.  50 

Freight 28.  00 

Interest 4.  50 

Ta.ves 5.  00 

Depreciation 20.  50 

Depletion 3.  00 

Miscellaneous  expense ^  14.  50 

Profit 31.00 

243.  00 

The  distribution  of  the  cost  of  cement  is  now  in  a 
form  in  which  the  items  that  require  further  analysis 
can  be  transferred  to  accamulations  of  other  similar 
items.  However,  for  a  few  of  these  items  a  little 
further  comment  may  be  appropriate.  Repairs  are, 
of  course,  an  equipment  charge  and  are  so  transferred. 
Depreciation  also  is  an  equipment  charge.  Both  apply 
to  a  wide  variety  of  machinery  and  equipment  which, 
in  general,  requires  constant  expensive  repairs  in  spite 
of  which  it  depreciates  rather  rapidly. 

Miscellaneous  expense,  which  is  largely  selling  and 
administrative  expense,  is  composed  of  a  long  list  of 
items  which  it  is  impracticable  to  separate.  There  is 
some  travel  expense  which  includes  railroad  fares  and 
hotel  expense.  Probably  there  is  some  expense  for 
office  rentals.  There  certainly  is  a  charge  for  associa- 
tion dues.  Advertising  is  an  element  in  this  expense. 
Office  supplies,  advertising,  folders,  booklets,  etc., 
generate  some  of  it.  As  no  information  concerning  the 
amount  of  these  expenses  is  available  and  as  travel 
expense  generates  at  least  a  considerable  ])art  of  them, 
and  arbitrary  assignment  of  about  one-third  of  this 
expense  to  railroad  expense  has  been  made  and  the 
balance  will  be  treated  as  miscellaneous  materials, 
which  much  of  it  is  though  some  of  it  is  not. 

Item  d.  Steel. — Steel,  principally  reinforcing  steel  but 
also  including  longitudinal  joints,  dowel  steel,  chairs, 
etc.,  is  a  highly  varial^le  element  in  the  cost  of  concrete 
pavements.  In  the  States  on  which  the  primary  dis- 
tribution of  cost  used  in  this  discussion  is  based,  the 
average  use  of  steel  is  somewhat  less  than  it  is  for  the 
country  as  a  whole.  However,  this  is  not  of  great 
importance  here,  for  increasing  the  amount  of  steel 
would  not  change  the  general  nature  of  the  distribution 
of  the  cost  of  concrete  pavements,  though  it  would 
somewhat  alter  the  proportions  allocated  to  the  various 
primary  subdivisions. 

An  analysis  similar  to  that  used  in  distributing  the 
cost  of  cement  results  in  the  distribution  of  that  part 
of  each  $1,000  spent  on  concrete  pavement  which  in 
this  discussion  is  allocated  to  the  purchase  of  steel,  as 
follows : 


'  Railroad  expense,  $4.50;  miscellaneous  supplies,  $10. 


Salaries  and  wages $6.  00 

Coal 1.  50 

Freight  (of  which  $3  is  freight  on  the  finished  product) . .  6.  Oo 

Equipment,  repairs,  depreciation 2.  50 

Materials 8.  00 

Interest 0.  40 

Taxes 0.90 

Administration  and  sales  expense '  (railroad  expense  20 

cents;  supplies  50  cents) 0.  70 

Profit 1.  00 

27.  00 

Item  e.  Equipment. — The  cost  of  equipment — $100 
out  of  each  $1,000  spent  on  concrete  pavements — 
represents  equipment  costs  of  three  kinds:  Deprecia- 
tion, repairs,  and  operating  expense.  The  latter, 
under  the  subdivision  of  costs  used  in  this  discussion, 
is  largely  a  matter  of  fuel,  lubricating  oil,  and  minor 
incidentals.  The  labor  used  in  operating  equipment 
has  been  included  with  other  job  labor  under  Item  a. 

The  size  and  the  amount  of  the  equipment  used  in 
laying  concrete  pavement,  except  the  amount  of  haul- 
ing equipment,  is  rather  uniform  from  job  to  job. 
Moreover,  the  specifications  under  which  concrete 
pavements  are  laid,  though  not  altogether  uniform, 
are  sufficiently  so  to  generate  a  fairly  constant  rate 
of  depreciation  for  each  kind  of  equipment  used. 
(vSee  Depreciation  Studies  and  Bulletin  F,  Bureau  of 
Internal  Revenue.)  Field  studies  made  by  the  Bureau 
of  Public  Roads  indicate  that  the  average  value  of 
the  equipment  other  than  haiding  ecpiipment  used  on 
concrete  paving  jobs  is  about  $50,000.  The  value  of 
the  hauling  equipment  varies  widely,  partly  on  account 
of  variations  in  the  t3'^pe  of  hauling  equipment  used 
and  partly  on  account  of  wide  variations  in  the  distance 
materials  must  be  moved.  In  occasional  instances 
not  more  than  three  or  four  l)^-ton  trucks  are  required. 
Where  the  haul  distance  is  from  15  to  20  miles  as  many 
as  20  heavy  trucks,  w^orth  well  over  $100,000,  are 
required. 

Under  such  conditions  the  average  of  even  a  con- 
siderable number  of  values  obtained  from  field  studies 
is  not  as  certainly  accurate  as  it  appears  to  be  in  the 
matter  of  other  jol:)  equipment  the  value  of  which  is 
more  nearly  constant  from  job  to  job,  but  this  average 
value,  about  $25,000,  is  at  least  approximately  correct. 
The  details  of  a  reduction  of  these  conditions  to  a 
charge  for  depreciation  and  a  charge  for  repairs  do  not 
require  repetition  here.  Neither  do  the  details  of  other 
analyses. 

In  the  nature  of  the  case,  repair  costs  are  at  least 
largely  a  matter  of  the  cost  of  spare  parts  and  the 
transportation  charges  on  them.  Little  extra  labor 
is  involved  since  most  repairs  are  made  by  the  men 
who  operate  the  machines  and  their  time  is  included 
in  the  cost  of  job  labor  (Item  a).  In  theory,  deprecia- 
tion charges  may  accumulate  as  cash;  in  practice, 
they  are  expanded  for  renewals  about  as  fast  as  they 
accrue.  Both  repairs  and  depreciation  are  therefore 
equipment  chai'ges.  The  analysis  of  these  charges  is 
not  repeated  here  but  the  results  of  these  analyses 
are  shoM^n  in  the  following  table: 

Distribution  of  the  amount  allocated  as  a  charge  for 

equipment $100.  00 

Primary  distribution: 

Repairs  and  depreciation 64.  00 

Gasoline  and  oil 36.  00 


3  As  in  the  case  of  a  similar  item  in  the  distribution  of  the  charges  generated  in 
making  and  marketing  cement,  this  charge  covers  a  multitude  of  minor  items  of 
which,  as  travel  expense  is  of  considerable  importance,  about  a  third  is  allocated  as 
railroad  expense  and  the  balance  as  supplies,  which  in  fact  much  of  it  is. 
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Secondary  distribution  (gasoline  and  oil) : 

Freight $4.  50 

Taxes 6.  80 

Wages  (tank  wagon) 4.  00 

Repairs  and  depreciation  (tank  wagon) 4.  00 

Profit .  20 

Wholesale  cost  of  gasoline 16.  50 

36.  00 

Third  distribution  (refining  cost  of  gasoline) : 

Salaries  and  wages 1.  20 

Materials  and  supplies 10.  65 

Fuel .  50 

Repairs 1.  85 

Interest .20 

Taxes .  40 

Depreciation .  80 

Profit .  90 

16.  50 

Combined  totals: 

Salaries  and  wages 5.  20 

Freight 4.  50 

Taxes 7.  20 

Repairs  and  depreciation 70.  65 

Materials  and  supplies 10.  65 

Fuel .  50 

Interest .  20 

Profit 1.  10 

100.  00 

Item  f.  Plant  installation. — The  item  of  getting  on  to 
the  job,  amounting  to  about  $27  out  of  every  $1,000 
spent  on  concrete  pavement,  covers  the  cost  of  sending 
equipment  to  the  job  (usually  a  freight  charge),  of  erect- 
ing it,  organizing,  preparing  to  start  construction,  and 
placing  equipment  in  storage  ready  for  reshipment. 
The  amount  of  exact  information  that  is  available  re- 
garding the  cost  of  these  various  operations  is  limited, 
but  such  as  has  been  collected  indicates  that  about  half 
of  this  item  is  a  freight  charge  and  about  half  a  labor 
charge.  Distributed  on  this  basis,  this  item  reduces 
to- 
Labor  $13.50 

Freight 13.  50 

Item  g.  Bonds  and  insurance. — The  reports  of  the 
Treasury  Department  for  1929  as  to  companies  which 
issue  surety  bonds  give  the  following  data: 

Premiums  collected,  a  little  over $57,  310,  000 

Losses  and  claims per  cent_-  43.  5 

Commissions  and  brokerage \ do 26.  3 

Other  expense   (largely  general    overhead) 

per  cent--  23.  1 

Balance  (reserves) do 7.  1 

Bonds  for  highway  purposes  provided  about  one-fifth 
of  the  total  premiums  collected.  Of  the  charges  listed 
above,  losses  and  claims  are,  in  effect,  payments  toward 
construction  and  should  therefore  be  distributed  just 
about  as  original  payments  are  distributed.  Commis- 
sions and  brokerage  payments  are,  in  effect,  salaries 
and  wages  paid  those  who  obtain  business  for  the  surety 
companies.  Other  expenses  are  so  largely  salaries  and 
wages  paid  central  office  employees  that  they  will  be  so 
considered.  Actually  some  other  charges — as  rents, 
office  supplies,  advertising,  etc. — are  included  in  this 
item  but  the  details  are  not  of  record. 

While  by  far  the  larger  part  of  the  charge  for  bonds 
and  insurance  is  a  charge  for  surety  bonds,  a  fraction 
is  for  workmen's  compensation,  which,  in  the  very 
nature  of  the  case,  generates  payments  to  labor;  and  a 
little  is  for  liability  and  other  foi'ms  of  insiu'ance.  On 
the  whole,  however,  a  reasonably  accurate  view  of  this 
matter  is  had  if  of  the  $22  paid  out  of  each  $1,000  spent 
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on  concrete  road  construction  for  bonds  and  insurance, 
$11  is  charged  to  salaries  and  wages,  $10  is  charged 
back  for  redistribution  with  other  primary  costs,  and 
$1  is  considered  as  profit.  Actually,  most  of  this  $1 
goes  to  reserves;  but  from  the  standpoint  used  in  this 
discussion,  reserves  being  the  property  of  the  concerns 
owning  them,  it  has  the  general  nature  of  profit.  This 
item  as  fractioned  above  becomes — 

Salaries  and  wages $11.  00 

Redistribution _     10.00 

Profit 1.  00 

22.  00 

Item  h.  Profit. — Profit,  as  the  term  is  used  in  this 
discussion,  is  job  profit.  Out  of  it  there  must  be  paid 
such  items  as  administrative  salaries,  head  office  sal- 
aries, financing  charges,  office  expenses,  the  balance,  if 
any,  being  net  profit.  As  to  profit  in  this  general  field, 
which  with  several  other  lines  of  construction  activity 
is  covered  by  serial  No.  54  in  the  classification  estab- 
lished by  the  Bureau  of  Internal  Revenue  (Statistics  of 
Income  for  1928,  p.  329)  the  following  data  appear: 

Gross  income:  * 

Corporations  reporting  net  income $1,  138,  033,  597 

Cor|)orations  reporting  no  net  income 375,  245,  267 

Total 1,513,  278,  864 

Net  income  or  deficit: 

Corporations  reporting  net  income 69,  297,  579 

Corporations  reporting  no  net  income —32,  728,  384 

Total  net  income 36,  569,  195 

This  would  indicate  an  average  net  profit  of  a  little 
more  than  2  per  cent  on  the  volume  of  business  reported. 
It  is  to  be  observed  that  these  data  cover  only  the 
corporations  engaged  in  construction  work.  More  than 
half  of  the  total  volume  of  all  construction  work  is  han- 
dled by  individuals  and  by  partnerships,  generally  only 
the  larger  and  stronger  concerns  being  incorporated. 
On  this  account  it  would  appear  to  be  reasonable  to 
assume  that  the  average  net  profit  of  corporations, 
partnerships,  and  individuals  handling  construction 
work  is  a  good  deal  less  than  the  average  obtained  by 
the  corporations — possibly  rather  less  than  1  per  cent. 
This  suggests  that  of  the  $35  set  up  as  job  profit  per 
$1,000  spent  on  concrete  pavements,  about  $10  may  be 
set  aside  as  a  conservative  estimate  of  net  profit.  Some 
of  the  balance  of  $25  is  spent  on  administrative  salaries 
not  included  in  the  salaries  and  wages  under  item  a  and 
office  wages.  A  part  is  undoubtedly  spent  on  financing 
and  a  part  on  taxes.  The  Bureau  of  Internal  Revenue 
(Statistics  of  Income  for  1928,  Table  15)  gives  interest 
paid  by  construction  companies  as  1.04  per  cent  of 
gross,  and  taxes  other  than  income  tax  as  0.4S  per  cent. 
Adding  the  income  tax  would  bring  this  figure  to  slightly 
more  than  1  per  cent.  There  are,  of  course,  a  number 
of  other  minor  items,  but  for  the  most  part  these  have 
been  included  under  the  items  previously  discussed. 
In  view  of  these  facts,  substantial  accuracy  would 
appear  to  be  preserved  if,  on  the  undistributed  balance 
given  above  ($25),  $15  is  assigned  to  office  salaries  and 
wages  not  included  in  item  a,  $5  to  taxes,  and  $5  to 
interest  payment.     The  following  distribution  results: 

Profit  as  defined  above  (job  profit) $35.  00 

Office  salaries  and  wages 15.  00 

Interest 5.  00 

Taxes 5.  00 

Profit  (net) 10.00 

35.  00 
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The   distributions   made   and   described   above   are 
summarized  in  Table  3. 

Table  3. — Summary  of  the  various  steps  through  which  the 
contractor's  payment  of  $1,000  are  traced,  and  the  amounts 
attributable  to  each 
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a.  Salaries  and 

wages 

6.  AgKiet'ate 

c.  Cement 

d.  Steel 

«.  Equipment... 
./.   Plant  instal- 

im.  00 

113.50 
6.20 
4.50 

13.50 

$18. 00 
43.00 
8.50 
10.65 

$ii.6o 

22.50 
1.50 
.50 

$4.00 
4.50 
.40 
.20 

$  6. 65 

5.00 

.90 

7.20 

4.29.  50 

40.  .50 

2.50 

70.65 

$7.60 
3.  00 

■HOO: 

31.00 

1.00, 

i.io; 

g.  Bonds  and  in- 

-     ..  - 

1.00|$10.00 

5.00 

5.00 

10.00 

302.  70 

331,70 
+75.00 

80.15 
-50.00 

35.50 

14.10 

24.10 

143. 15 
-25.00 

10.50 

48.101  10.00 

302. 70 

408.  70 

30.15 

?5. 50 

14.10 

24.10 

118.15 

10.50 

48.10 

10.00 

>  These  adjustments  are  made  here  to  avoid  reoasting  the  freight  analysis  on 
account  of  freight  allowances  on  repairs,  leplacements,  materials,  and  supplies. 

FREIGHT  COSTS  ANALYZED 

For  the  year  1929  the  Bureau  of  Railway  Economics 
gives  the  following  interesting  statement  of  the  cost 
elements  involved  in  operating  railroads: 


[Kepeated  here  to  2  decin-al  places  rather  than  to  4  as  published] 

Per 
cent 

Distribu- 
tion of 
$10S.70 
charges 

Total  salaries  and  wages,  including  executive  management 

Locomotive  fuel,  principally  coal 

42.42 
5.34 

18.  05 
1.97 
5.66 
6.29 
2.  7.'! 
7.00 

2'.  77 

$172.50 
21.70 

Materials  and  supplies 

73.  40 

Kent  of  car.s  and  common  facilities 

8.00 

Other  expense  (.depreciation,  loss  and  damace,  injuriesl 

23  00 

Taxes 

25. !  0 

Rent  of  leased  roads 

11    10 

Interest -.- 

28  ."^O 

Dividends.  ... 

31.60 

Balance 

11  30 

406.  70 

Of  the  above  items  some,  as  salaries  and  wages,  can 
be  used  in  the  form  in  which  they  now  stand;  others 
require  some  further  comment.  Thus,  materials  and 
supplies  cover  the  cost  of  repair  parts  for  mechanical 
equipment  as  well  as  the  numerous  materials  otherwise 
used  in  connection  with  the  operation  of  our  railroad 
system. 

In  the  absence  of  more  accurate  information  about 
half  of  this  item,  $37,  is  treated  as  repairs  and  the  bal- 
ance, $36.40,  as  materials  and  supplies.  Rent  of  cars 
and  common  facilities  and  rent  of  leased  roads  cover 
payments  for  the  use  of  facilities  not  owned.  Accord- 
ingly they  are  included  \vith  interest  in  the  column  set 
aside  for  interest  and  rents  as  these  items  have  a  some- 
what similar  ultimate  purpose.  Other  expenses  is  made 
up  of  two  quite  unreliable  items.  Depreciation,  which 
is  an  equipment  charge,  generates  about  five-sevenths 
of  the  charge;  the  balance  is  made  up  of  charges  for 
loss  and  damage,  injuries  and  insurance.  In  the  last 
analysis,  loss  and  damage  payments  are  purchases  of 
materials.  It  is  also  at  least  measurably  correct  to 
consider  payments  on  account  of  injuries  as  salaries 
and  wages.     Of  the  charge  for  other  expense  $16.50 


has  therefore  been  allocated  to  depreciation,  $4  to 
materials  and  supplies,  and  $2.50  to  salaries  and  wages. 
Dividends  and  balance  given  above  are,  of  course, 
profit. 

If  the  totals  from  Table  3  are  adjusted  on  the  basis 
of  this  distribution,  the  follovdng  cost  distribution 
results : 


Salaries  and  wages 

Materials  and  supplies.. 

Fuel 

Interest,  rents,  etc 

Taxes 

Derreciation  and  repairs 

Profit 

Depletion 

Redistribution 


$302.  70 
30.15 
35. 60 
14.10 
24.10 
118.15 
48.10 
10.50 
10.00 


Redistri- 
buted rail- 
road 
charges 


$175.00 
40.40 
21.70 
47.  CO 
25.60 
53.60 
42.90 

0 

0 


406. 70 


Total 


.$477.  70 
70.  55 
57.  20 
61.  70 
49.70 
171.65 

ai.oo 

10.50 
10.00 


1,000.00 


FUEL  COSTS  REDISTRIBUTED 

The  latest  information  regarding  labor  and  other 
costs  incident  to  the  production  of  bituminous  coal  is 
that  published  by  the  Bureau  of  the  Census  for  the 
year  1929.  Wages  are  reported  as  amounting  to 
$574,800,072.  Salaries  are  not  reported  for  1929.  In 
1919  they  were  slightly  more  than  10  per  cent  of  the 
cost  of  wages.  The  value  of  the  products,  which  in- 
cludes a  small  amount  for  other  than  coal  produced,  is 
given  as  $966,693,771.  It  would  therefore  appear  that 
salaries  and  wages  absorb  about  65  per  cent  of  the  value 
of  the  coal  produced,  which  amounts  to  about  67  per 
cent  of  the  coal  sold.  Information  released  by  the 
Bureau  of  Internal  Revenue  (Statistics  of  Income  for 
1928)  indicates  that  the  industry,  taken  as  a  whole, 
operates  at  a  loss.  The  following  table  gives  the  results 
of  distributing  the  cost  of  fuel. 


.\mount 

Redistri- 
buted coal 
costs 

Total 

Salaries  and  wages.. _ 

$477.70 

70.  55 

$38. 30 
6.65 
2.05 
1.70 
4.10 
0 

4.40 
0 

$516. 00 
77.20 

Interest,  rents,  etc 

Taxes 

Depreciation  and  repairs 

Profit 

61.70 

49.70 

171.05 

91.00 

63. 75 
51.40 
175.  75 
91.00 

Depletion 

Redistribution 

10.50 

10. 00 

14.90 
10.00 

1 

57.20 

1, 000. 00 

1 

MATERIALS  AND  SUPPLIES,  REPAIRS  AND  DEPRECIATION  ADD  TO 
WAGE  ACCOUNT 

The  two  remaining  items  that  involve  the  direct  use 
of  commodities  are  materials  and  supplies  and  repairs 
and  depreciation.  The  number  of  commodities  in- 
volved in  these  two  groups  is  so  large  that  even  if  the 
amount  of  each  kind  used  were  known  exactly,  the  task 
of  dividing  each  one  into  its  constituent  parts  would  be 
very  great.  Actually,  the  materials  used  are  not  laiown 
in  detail,  though  often  the  more  important  materials 
are  a  matter  of  rather  common  loiowledge.  On  this 
account,  it  is  necessary  to  adopt  a  somewhat  different 
method  for  the  further  study  of  this  matter,  which  is 
possible  because  for  every  commodity  separatel}^  classi- 
fied the  Bureau  of  the  Census,  in  its  census  of  manu- 
facturers, gives  "the  value  added  by  manufacture." 
This  value  is  the  difference  between  the  value  of  the 
commodities  manufactured  and  the  cost  of  the  materials, 
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supplies,  fuel  and  power  used  in  producing  them.  The 
value  added  by  manufacture  then  contains,  first,  the 
salaries  and  wages  paid;  second,  all  charges  for  depre- 
ciation; third,  such  miscellaneous  items  as  taxes,  in- 
terest and  sales  expense;  and  finally,  profit. 

Taking  up  first  the  further  analysis  of  repairs  and 
depreciation,  a  number  of  facts  are  apparent.  The 
first  of  these  is  that  while  charges  for  depreciation  may 
accumulate  as  cash  reserve,  as  a  general  ride  they  are 
expended  on  renewals  and  improvements  about  as  fast 
as  they  accrue.  On  this  account  they  may  reasonably 
be  considered  as  expenditures  for  new  equipment. 
Obviously,  repair  costs  are  such  expenditures. 
\  The  second  point  deserving  comment  is  that,  as 
charges  for  repairs  and  depreciation  are  very  largely 
generated  by  the  plant  and  equipment  used  in  manu- 
facturing and  in  transporting,  so  much  the  larger  part 
of  these  charges  involves  such  items  as  machine  tools, 
foundry  and  macliine  shop  products,  motor  vehicles, 
motor  vehicle  bodies  and  parts,  cars  (railroad)  and 
locomotives,  it  will  be  assumed  that  all  of  this  charge 
involves  these  fields. 

The  tliird  point  to  be  noted  is  that,  in  the  very 
nature  of  the  case,  charges  for  repair  parts  and  for  new 
machines  include  delivery  costs,  freight,  or  express. 
These  charges  should  be  estimated. 

Upon  adjustment  of  the  table  in  the  light  of  the  re- 
sidts  of  the  analysis  of  depreciation  and  repairs,  the 
following  distribution  of  expenditures  results: 


Amount 


Salaries  and  wages '  $510.00 

Materials  and  supplies : \  77. 20 

Interest,  rents,  etc i  63.75 

Ta.xes ..!  51.40 

Depletion 1    .      14.90 

Profit.. 91.00 

Redistribution ;  10. 00 


Repairs 
and  depre- 
•     ciatiou 


$52.  70 

99.25 

1.75 

4.40 

0 

17.65 
0 


175.  75 


Total 


$508.  70 
176.  45 
65.  50 
55.80 
14.90 
108.65 
10.00 


1,000.00 


A  similar  analysis  of  materials  and  supplies  results  in 
the  adjustments  shown  in  the  following  table: 


Salaries  and  wages 
Interest,  rents,  etc. 

Taxes' 

Depletion 

Profit 

Redistribution 


Amount 


$568. 70 
65.60 
30.80 
14.90 
108.  65 
10.00 


Materials 

and 
.supplies 


$162.  20 
8.45 
8.65 
3.05 
19.10 
0 


Total 


$730. 90 
73. 95 
39.  45 
17.95 
127.75 
10.00 


201.45 


1,000.00 


'  $25  deducted  on  account  of  materials  and  supplies  and  added  to  this  account  for 
redistribution  here. 

TAXES  SIMILARLY  REDISTRIBUTED 

Taxes  are  payments  in  support  of  government.  Munic- 
ipal, county.  State,  and  Federal  taxes  are  involved  in 
unknown  proportions.  Interest  payments  absorb  less 
than  5  per  cent  of  the  gross  State  revenues.  They  ab- 
sorb something  more  than  15  per  cent  of  the  revenue  of 
the  Federal  Government.  (See  Financial  Statistics  of 
States,  1929,  Bureau  of  the  Census.)  The  proportion 
of  municipal  and  county  revenue  paid  out  as  interest  is 
unknown  but  is  probably  higher  than  the  percentage 
reported  as  paid  out  by  the  States.  In  distributing 
taxes,  it  has  been  assumed  that  about  10  per  cent  is 
distributed  as  interest  payments. 


The  pay  roll  absorbs  a  very  large  part  of  all  govern- 
ment expenditures.  The  amount  so  absorbed  is  un- 
known but,  aside  from  expenditures  for  public  worlc 
salaries  and  wages  are  believed  usually  to  absorb  the 
greater  part  of  the  balance  after  debt  service.  As  only 
a  comparatively  small  amount  of  the  taxes  on  business 
operations  is  spent  in  the  highway  field  and  as  most 
other  pubUc  works,  except  buildings  and  sewer  systems, 
are  presumed  to  be  self-supporting,  about  50  per  cent 
of  the  tax  taken  out  is  allocated  to  salaries  and  wages 
and  the  balance— ^about  40  per  cent — is  allocated  to  the 
account  of  materials  and  supplies.  On  the  basis  of  a 
preliminary  calculation,  as  shown  above,  this  was 
charged  to  materials  and  supplies  as  $25,  wliich  left  a 
balance  of  $39.45  to  be  distributed,  one-sixth  to  interest 
and  five-si.xths  to  salaries  and  wages.  Distributed  on 
this  basis,  interest  amounts  to  $6.55  and  salaries  and 
wages  to  $32.90.  The  table  now  reduces  to  the 
following  form : 


Salaries  and  wages 
Interest,  rents,  etc. 

Depletion 

Profit 

Redistribution 


Amount 


$730. 90 

73.95 

17.95 

127.  75 

10.00 


Distribu- 
tion of 
taies 


$32. 90 
6.55 
0 
0 
0 


Total 


$763.  80 
80.50 
17.95 
127.75 
10.00 


39.  45 


1,000.00 


If  the  $10  held  for  redistribution  is  now  distributed 
under  the  headings  now  remaining,  the  following  table 
results: 


Amount 


Distribu- 
tion of  $10 


Salaries  and  wages $763.80 

Interest,  rents,  etc 80.50 

Depletion i  17. 95 

Profit I  127.75 


$7.70 
0.80 
0.20 
1.30 


10.00 


Total 


$771.50 

81.30 

18. 15 

129.  05 


1, 000.  00 


In  this  form  the  original  expenditure  is  now  divided 
into  two  classes  of  expenditures: 

Payments  for  salaries  and  Avages $771.  50 

Payments  to  owners — -that  is,  owners  of  the  business, 
of  projjerty,  or  of  money  used  in  the  various  busi- 
nesses conducted 228.  50 


1,  000.  00 


This  is  about  as  far  as  the  quantitative  analysis  may 
be  carried  with  approximate  certainty.  If  a  further 
breakdown  is  attempted  the  quantities  become  some- 
what doubtful;  but  there  is  still  a  further  share  for 
labor  in  the  last  quarter  of  the  expenditure. 

The  preceding  quantitative  discussion  is  based  on  a 
period  of  unusual  business  activity.  In  times  of  de- 
pression such  as  the  present,  the  residue  composed  of 
interest,  rents,  royalties,  and  profits  shrinks  both  in 
absolute  amount  and  in  relation  to  the  total.  In  view 
of  this  well  known  fact,  it  seems  probable  that,  of  the 
total  expenditures  for  road  construction  at  the  present 
time,  nearer  85  than  75  per  cent  may  be  thus  directly 
traced  into  the  hands  of  labor.  Beyond  this,  there  is 
still  to  be  considered  the  fact  that  a  part  of  the  money 
paid  to  owners  is  immediately  reinvested  or  expended, 
even  in  periods  of  depression,  although  a  greater  part 
is  certainly  so  used  in  more  prospoi-ous  times.     And 

(Continued  on  p.  38) 


THE  RESISTANCE  OF  CONCRETE  TO  FROST  ACTION 

By  F.  H.  JACKSON,  Senior  Engineer  of  Tests,  and  GEORGE  WE  RNER,  Senior  Scientific  Aid,  Division  of  Tests,  U.  S.  Bureau  of  Public  Roads 


THIS  report  gives  the  results  of  an  investigation 
wtiich  was  begun  about  six  years  ago  for  the 
purpose  of  determining  how  the  resistance  of 
concrete  to  frost  action  is  affected  by  the  character 
of  the  coarse  aggregate  used  in  the  mixture.  The  tests 
were  the  first  of  a  number  of  investigations  to  be 
started,  all  along  the  same  general  line,  and  including, 
nmong  others,  researches  by  C.  H.  Scholer  at  Kansas 
State  Agricultural  College;  C.  A.  Hughes  at  the  Uni- 
versity of  Minnesota,  and  the  Portland  Cement  Asso- 
ciation. The  work  was  greatly  hampered  at  the 
beginning  because  of  a  lack  of  information  as  to  the 
proper  procedure  to  be  followed  in  making  freezing  tests 
in  the  laboratory.  For  this  reason  the  original  freezing 
cycle,  which  consisted  of  alternately  saturating  a  large 
volume  of  concrete  in  water  at  70°  F.  and  then  subject- 
ing the  specimens  to  an  air  temperature  of  about  20°  F. 
in  an  ordinary  cold  storage  room,  proved  entireh^ 
inadequate  for  the  purpose. 

This  effort  was  followed  by  attempts  to  produce 
action  through  the  use  of  lower  freezing  temperatures; 
that  is,  a  minimum  of  about  5°  F.  Even  under  these 
conditions  the  action  proved  to  be  so  slow  that  the 
method  was  finally  abandoned  in  favor  of  an  entirely 
different  type  of  freezing  cycle,  as  well  as  a  different 
type  of  specimen.  The  results  of  tests  by  the  third 
method,  wliile  somewhat  contradictory  and  by  no 
means  conclusive,  proved  of  considerable  interest 
and  it  has  accordingly  been  decided  to  report  the  data 
obtained,  together  w^th  certain  results  obtained  during 
work  under  the  second  cycle  which  appear  to  be 
significant. 

In  reviewing  the  data  presented  in  this  report  the 
reader  should  bear  in  mind  that  these  tests  were  of  an 
exploratory  nature.  Very  little  was  known  about  the 
subject  when  the  work  was  started.  Many  mistakes 
were  made  and  many  things  were  done  which  it  is  now 
realized  should  not  have  been  done.  It  is  felt,  however, 
that  the  results  which  have  been  finally  obtained  are  of 
sufficient  significance  to  justify  the  time  and  expense  of 
carrying  out  this  series  of  tests.  In  studying  the  data, 
however,  it  should  be  borne  in  mind  that  the  results  of 
tests  involving  individual  materials  should  not  be  in- 
terpreted too  literally,  but  should  only  be  considered  as 
indicating  the  possibility  of  certain  trends  which 
are  of  general  significance  only  as  they  are  substan- 
tiated by  further  work  on  aggregates  having  similar 
characteristics. 

CONCRETE  SPECIMENS 

The  pi-ogram  called  for  the  fabrication  of  048  coiicrete 
beams  6  by  6  by  30  inches  in  size,  using  18  different 
coarse  aggregates  of  widely  varying  characteristics  and 
three  proportions,  1:1}^:3,  1:2:4,  and  1:3:6.  Because 
of  the  fact  that  the  stock  of  cement  reserved  for  these 
tests  was  not  quite  sufficient  to  complete  the  series,  it 
was  found  necessary  to  use  a  different  cement  in  making 
up  the  specimens  in  which  aggregates  2  and  15  were 
used.  For  this  reason  the  results  of  freezing  tests  on 
these  concretes  are  not  included  in  Tables  5  and  6, 
;d though  reference  to  the  behavior  of  aggregate  15  in 
concrete  is  made  in  the  discussion,  because  of  certain 
interesting  features  in  connection  with  this  particular 
material.  A  standard  Portland  cement  having  the 
physical  ])ropertios  indictited  in  Table  1  ;in(l  Potomac 
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River  concrete  sand  with  properties  as  indicated  in 
Table  2  were  used  in  all  specimens  with  the  exception 
just  noted.  The  coarse  aggregates  were  all  sampled 
at  the  point  of  origin  by  a  representative  of  the  bureau 
and  were  chosen  so  as  to  represent  materials  having  a 
wide  range  in  characteristics.  Several  sources  were  in- 
cluded which  had  previously  been  questioned  because  of 
failure  in  the  sodium  sulphate  soundness  test  as  well  as 
others  which  were  of  unquestioned  soundness.  The 
types,  character,  and  essential  phj^sical  properties  of  the 
coarse  aggregates  used  in  these  tests  are  given  in  Table  3 . 

Table   1. —  Tcsls  of  Portland  cement.     Resvlls  arc  the  average  of 
tests  on  six  samples 

Fineness:   Retained     on     No.     200 

sieve 14.8  per  cent. 

Initial  set 3  hours,  40  minutes. 

Final  set 6  hours,  2.5  minutes. 

Tensile  strength  of  1.3  Ottawa  sand 
mortar  briquets : 

7  days 260  pounds  per  square  inch. 

28  da.vs 355  pounds  per  sqtiare  inch. 

Table  2. —  Tests  of  fine  aggregate.     Kesidts  are  the  average  of  tests 
on  five  samples 

Sieve  analysis:  I'er  cent 

Retained  on  No.  10  sieve 16 

Retained  on  No.  20  sieve 31 

Retained  on  No.  30  sieve 52 

Retained  on  No.  50  sieve 81 

Retained  on  No.  100  sieve 94 

Loss  by  elutriation 2.  3 

Tensile  strength  ratio  '  (1:3  mortar  briquets): 

7  days 112  per  cent 

28  days 110  per  cent 


Table   3. 


-Characteristics  of  coarse  aggregates   nscd  in  freezing 
and  thawing  tests 


Ag- 
gre- 
gate 
No. 

Type 

State 

-Mineral  composition 

Per- 
centage 

of 
absorp- 
tion 

Per- 
cent- 
age of 

wear' 

Per- 
cent- 
age of 
soft 
pieces  2 

1 
2 

3 
4 

Limestone... 
Gravel 

do. 

do 

do 

do 

Dolomite 

Diabase 

Basalt 

Limestone. -- 

Dolomite 

Limestone. -- 
Gravel 

Dolomite 

Limestone-.  - 

do 

Slag 

do 

Maryland 

District  of  Col- 
umbia. 
South  Carolina. 
Pennsylvania-. 

New  Jersey 

Massachusetts. 

Ohio 

Siliceous  limestone 

Quartz,  chert,  gneiss, 
schist,  sandstone. 

Granular  quartz 

Sandstone 

0.10 
.51 

.58 
1.21 
.51 
.45 

1.36 
.20 
.10 
<2.65 
1.35 
1.35 
.49 

<2.24 

1.90 

.08 

2.85 

4.2 

8.9 

32.6 
12.3 
27.6 
18.3 

9.0 

2.8 

3  2.0 

•7.0 

J  5.  3 

24 

91 
20 

5 
6 

7 

Granular  quartz 

Quartz,  granite,  quart- 

zite,  schist,  gneiss. 
Dolomite       - 

80 
28 

g 

Connecticut 

New  Jersey 

Ohio 

9 

Basalt 

10 

Crystalline  limestone-  - 

11 

Illinois 

Minnesota 

do 

Michigan 

Illinois 

12 

Argillaceous  limestone- 
Dolomite,   limestone, 
chert,  granite,  and 
■  shale. 

13 

14 

7.0 
7.6 

5 

15 

Chert  and  limestone. - 

Cherty  limestone 

Porous  blast  furnace 

slag. 
Blast  fui'nace  slag 

16 

17 

New  York 

Ohio 

4.2 

(51 

18 

do 

(•) 

1  A.  A.  S.  H.  O.  tentative  standard  method  No.  3  for  stone,  No.  4  for  gravel. 

2  A.  A.  S.  II.  O.  tentative  .standard  method  No.  6. 

'  Average  of  .several  tests  from  this  source.    Test  not  made  on  sample  used  in  this 
series. 
*  Material  variable  in  quality.    These  are  maximum  values. 
'  No  abrasion  test  made.    Weight  per  cubic  foot  approximately  70  pounds. 
0  No  abrasion  test  made.    Weight  per  cubic  foot  approximately  85  pounds. 

Each  of  the  samples  of  coarse  aggregate  was  regraded 
at  the  laboratory  by  passing  it  over  a  revolving  screen 
equipped  with  sections  having  J^-inch,  K-inch,  %-inch, 
and  iM-inch  square  openings.     The  concrete  aggregate 


'  As  compared  with  l:3lOttawa  sand  mortar  britiuets. 
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in  each  case  was  made  up  of  the  three  fractions  resulting 
from  this  screening,  in  the  following  proportions: 

Per  cent 

}4-inch  to  J'^-inch 20 

}i-inch  to  %-inch 25 

%-inch  to  1,'4-inch 55 

A  determination  of  the  weight  per  cubic  foot  was 
made  on  each  sample  graded  as  above,  and  from  this 
value  the  necessary  weights  of  each  size  to  be  used  in 
proportioning  the  concrete  was  calculated.  Concrete 
was  mixed  with  shovels  in  large  galvanized  iron  pans, 
and  molded  into  beam  specimens  6  by  6  b}^  30  inches 
in  size  in  accordance  with  a  uniform  procedure.  Con- 
sistency was  maintained  by  means  of  the  (low  test  at 
approximately  140;  that  is,  a  medium  consistency  such 
as  would  be  used  in  pavement  work.  All  specimens 
were  stored  under  wet  earth  for  28  days,  after  which 
the  first  freezing  cycle  was  started.  The  wet  earth 
storage  was  continued  in  the  case  of  all  specimens  not 
being  subjected  to  freezing  and  thawing. 

For  each  aggregate  36  concrete  beams  were  fabri- 
cated, 12  of  each  of  the  three  proportions,  1 : 1}2:3,  1:2:4 
and  1:3:6.  Eighteen  specimens  of  each  lot  (6  of  each 
of  the  3  mLxes)  were  subjected  to  freezing  and  18  were 
stored  under  normal  temperature  conditions. 

SOUNDNESS  TESTS  OF  AGGREGATES 

In  addition  to  the  various  routine  tests,  the  results 
of  which  are  given  in  Table  3,  each  coarse  aggregate 
was  subjected  to  five  reversals  in  the  sodium  sulphate 
soundness  test  conducted  in  accordance  with  the  tenta- 
tive standard  method  of  the  American  Association  of 
State  Highway  Officials  '  as  well  as  a  direct  freezing 
test  conducted  in  accordance  with  the  following 
method. 

Representative  samples  of  each  aggregate  weighing 
approximately  10  pounds  were  alternately  saturated 
in  water  at  70°  F.  and  then  frozen  in  air  at  a  tempera- 
ture of  about  0°  F.  An  ice  machine  having  a  total 
capacity  of  4  cubic  feet  was  used  for  this  purpose,  as 
well  as  for  freezing  concrete  during  the  third  cycle. 
The  aggregates  were  contained  in  small  wooden  boxes 
having  copper  screen  bottoms.  The  samples  were 
divided  into  two  lots,  one  of  which  was  frozen  8  hours 
and  thawed  16  hours,  while  the  other  was  frozen  16 
hours  and  thawed  8  hours.  At  the  end  of  each  week 
the  lots  were  reversed  so  as  to  equalize  the  severity  of 
the  freezing  action.  Progressive  disintegration  was 
noted  by  making  visual  examinations  from  time  to 
time  of  the  individual  fragments  composing  each  sample 
The  results  of  the  sodium  sulphate  and  freezing  tests 
on  the  aggregates  are  given  in  Table  4. 

FREEZING  TESTS  ON  CONCRETE 

First  cycle. — As  previously  noted,  the  first  freezing 
cycle  consisted  of  saturating  the  full-size  beams  with 
water  and  then  immediately  removing  them  to  a  room 
having  an  air  temperature  of  approximately  20°  F.  An 
attempt  was  made  to  freeze  nine  specimens  of  each  lot 
(three  of  each  mix)  at  one  time,  making  a  total  of  162 
specimens  in  the  cold  room,  while  a  corresponding 
number  were  being  thawed.  The  freezing  room  chosen 
for  the  work  was  one  of  the  rooms  in  the  cold  storage 
plant  of  the  Department  of  Agriculture  at  Arlington, 
Va.  The  room  was  8  feet  by  14  feet  in  size  by  11  feet 
in  height.     Although  previous  tests  had  indicated  that 

'  A.  A.  S.  H.  0.  Tentative  Standard  method  of  test  for  soundness  of  coarse  asgt're- 
gate  (T-9}. 


Table  4. — -Results  of  sodium  sulphate  soundness  and  freezing  tests 
on  coarse  aggregates 


Type  of  coarse 
aggregate 

Per- 
centage 
absorp- 
tion 

Sodium 

sulphate 

soun<Iness 

test 

Freezing  test 

Coarse 
aggre- 
gate 
No. 

Alter-     Per  cent  atlected  at  end  of 
nations              alternations 
at  first 

indica- 
tion of      o, 

failure     "'^ 

21       5 
21    .... 
10   .... 
21   . 

30 

5 

40  '   80 

230 

280 

1 
2 

Limestone 

Gravel 

0.10 
.51 
.58 

1.21 
.51 
.45 

1.36 
.20 
.10 

(') 

1.35 

1.35 
.49 

2.24 

L90 
.08 

2.85 

(') 

Sound. 

do .- 

.....do 

Unsound 

Sound 

do 

do 

do _ 

do 

Unsound 

do 

do 

do 

do 

do 

Sound 

do 

(3) 

5 

30 
95 

5 

30 

3 

4 

do 

do 

do .-. 

do _... 

Dolomite 

Diabase 

Basalt 

95 

95 
50 
95 
40 

98 
50 

0 

6 

10    .... 
21    .. 

.... 

95 

95 
40 

98 
40 

7 

(')       --. 

8 

(0      

9 

(') 

10     Limestone...  . 

21    .... 

30 

6 

100 

5 

80 

60 

5 

100 

5 

80 

60 

11 
12 
13 

14 
15 

Dolomite 

Limestone 

Gravel 

Dolomite 

Limestone 

do 

Slag 

21  :.... 

21  1.... 
10       5 
10    .... 
10    .... 
80  ' 

"5' 
30 

5 
15 

5 
30 
80 

5 

100 

5 

80 

85 

16 

5 

5 
10 
1 

5 

17 

21    _,.. 

30 

18 

do 

21        1 

1 

1 

60 

'  No  action. 


'  Variable;  see  discussion. 


I  Test  not  made. 


thorough  freezing  could  be  accomplished  in  about  24 
hours,  the  capacity  of  the  plant  proved  entirely  inade- 
quate for  the  volume  of  concrete  which  was  to  be  frozen. 
This  was  demonstrated  at  the  end  of  50  and  again  at  the 
end  of  100  cycles  of  freezing  and  thawing,  when  tests  foi' 
modulus  of  rupture  of  the  frozen  beams  were  made  and 
the  results  compared  to  similar  tests  on  unfi-ozen  speci- 
mens. In  neither  case  was  there  evidence  of  any  delete- 
rious effect  of  frost  action,  even  in  the  1:3:6  mixes. 
Second  cycle. — It  was  realized  after  these  experiments 
that  in  order  to  increase  the  efliciency  of  the  freezing 
plant  to  a  point  where  it  would  be  possible  actually  to 
freeze  the  specimens,  it  would  be  necessary  to  reduce 
very  materially  the  number  frozen  at  one  time.  In 
view  of  the  time  required  to  do  this,  it  was  decided  to 
try  freezing  a  full  set  of  the  1:3:6  specimens  in  the 
cold-storage  plant  at  the  old  Center  Market,  ^Vushing- 
ton,  D.  C,  where  it  was  possible  to  obtain  not  only 
lower  temperatures  (a  minimum  of  about  5°  F.)  but 
also  much  greater  capacity,  resulting  in  more  rapid 
freezing.  This  cycle  consisted  of  alternately  immersing 
in  water  at  70°  F.  and  freezing  in  air  at  a  minimum  of 
5°  F.  The  duration  of  each  complete  alternation  was 
24  hours.  The  specimens  subjected  to  this  test  were 
of  the  1:3:6  mix  and  comprised  beams  which  had 
already  been  subjected  to  100  alternations  at  Arlington. 
Three  beams  for  each  aggregate  were  subjected  to  this 
cycle  and  at  the  conclusion  of  70  alternations  were 
tested  for  modulus  of  rupture  in  comparison  with 
similar  beams  unfrozen.  The  concrete  specimens  at  this 
time  were  approximately  two  yenrs  old.  The  results  of 
these  tests  are  shown  in  Table  5.  It  will  be  observed 
that  there  is,  in  all  cases,  a  falling  oft'  in  strength  due  to 
freezing.  The  extent  of  this  reduction  varies  from  3  per 
cent  in  the  case  of  aggregate  No.  10,  to  100  per  cent  in 
the  case  of  aggregate  No.  14.  However,  an  examination 
of  the  data  fails  to  show  any  definite  relation  between 
the  soundness  of  the  aggregate  as  revealed  by  either 
the  sodium  sulphate  test  or  a  freezing  test  and  the 
soundness  of  the  concrete.  An  inspection  of  the  frozen 
specimens  after  test  indicated  that  the  reduction  in 
strength  was,  in  almost  all  cases,  due  to  a  weakening 
of  the  mortar  rather  than  to  the  coarse  aggregate. 
Exception  to  this  conclusion  may  be  noted  in  aggregate 
No.  14,  a  silicious  and  argillaceous  dolomite.     In  this 
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case  action  had  progressed  to  the  point  where  the  con- 
crete failed  before  any  load  could  be  applied.  Failure 
was  undoubtedly  accelerated  by  action  on  the  aggre- 
gate. It  is  of  interest  to  note  that  concrete  containing 
the  two  limestones  and  the  dolomite  which  were  sound 
by  the  sodium  sulphate  test  (Nos.  1,  7,  and  16)  showed 
relatively  high  resistance  to  frost  action,  as  did  also 
one  unsound  limestone,  No.  10.  The  two  trap  rock 
concretes,  Nos.  8  and  9,  although  the  coarse  aggregates 
were  of  unquestioned  soundness,  show^ed  low  resistance, 
possibly  because  of  some  condition  associated  with  bond 
between  mortar  and  aggregate. 

Table  5. — Effect  of  alternate  freezing  and  thawing  on  the  flexural 
strength  of  concrete  containing  various  types  and  grades  of  coarse 
aggregate.      Each  value  average  of  tests  on  three  specimens. 

Proportions 1:3:6  by  volume. 

Consistency Medium. 

Water-cement  ratio Approximately  1.40. 

Age  at  test... . Approximately  2  years. 

Freezing  treatment 100  alternations,  cycle  No.  1 

70  alternations,  cvcle  No.  2 


<  oarse 
a  gre- 

gate 

No. 

'I'ype  of  course 
aggregate 

Ka  t  i  ug  of  coarse 

aggregate,  sodium 

sulphate  test 

Modulus 

in  pounds 

in 

Frozen 

of  rupture 
per  square 
oh 

Unfrozen 

Percent- 
age reduc- 
tion in 
strength 

1 

Limestone 

Gravel .     .. 

Sound       

354 
264 
266 
271 
244 
390 
272 
341 
435 
341 
272 
3fi0 
(') 
362 
342 
337 

373 

340 
348 
340 
384 
435 
383 
418 
440 
452 
384 
478 
454 
432 
435 
448 

5 

3 

do 

22 

4 

do 

do 

do 

Dolomite ... 

Unsound       ... 

24 

5 

Sound 

20 

6 

7 

do 

do 

14 
10 

8 
9 

Diabase . 

Basalt 

do 

do 

29 
18 

10 

Limestone.... 

Dolomite. 

Limestone.. .  —  .   . 

Gravel 

Dolomite... 

Unsound 

3 

11 
12 
13 
14 

do 

do 

do 

do    

25 
29 
25 

16 

Limestone. . 

Sound 

16 

17 
18 

Slag 

do 
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21 
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'  Concrete  failed  before  load  could  be  applied. 

Third  cycle. — The  test  results  which  are  reported  in 
Table  5  indicated  that,  even  under  the  low-temperature 
condition  obtaining  at  the  Center  Market,  action  would 
be  very  slow  on  the  richer  mixtures.  It  was  accord- 
ingly decided  to  abandon  this  method  of  freezing  entirely 
in  favor  of  some  method  which  would  insure  a  more  ac- 
celerated action.  For  this  purpose  the  small  ice  ma- 
chine used  for  the  freezing  tests  on  the  aggregates  was 
employed.  The  specimens  for  freezing  were  prepared 
by  sawing  concrete  beams  which  had  been  stored  under 
earth  continuously  until  this  time  into  prisms,  4  inches 
in  width.  This  provided  specimens  6  by  6  by  4  inches 
in  size,  each  of  which  had  two  sawed  faces,  exposing 
the  coarse  aggregate,  three  faces  which  had  been  in 
contact  with  the  form  and  one  face  which  was  the 
surface  of  the  original  beam  as  molded.  The  specimens 
were  sawed  with  a  large  circular  saw  set  with  carbo- 
rundum teeth.  Four  specimens  for  each  aggregate, 
two  of  each  of  the  1:2:4  and  1:1}^: 3  mixes,  were  pre- 
pared for  test.  The  group  of  thirty-six  1:2:4  specimens 
was  tested  first,  the  alternations  being  so  arranged  that 
one  specimen  of  each  aggregate  was  freezing  while  the 
other  was  thawing.  This  provided  for  the  freezing  of 
18  specimens  at  one  time.  The  freezing  of  the  1 : 1)^:3 
specimens  followed  the  completion  of  200  alternations 
on  the  1:2:4  concretes.  The  1:1)^:3  specimens  were 
frozen  for  a  total  of  130  alternations.  Figure  1  illus- 
trates the  appearance  of  the  prisms  before  test.  The 
varied  effects  of  alternate  freezing  and  thawing  are 
shown  in  Figure  2. 


Table  6. — Relation  between  soundness  of  coarse  aggregates  and 
resistance  of  concrete  to  freezing  and  thawing.  Age  at  test, 
approximately  S  years 
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1  The  average  water-cement  ratio  (uncorrected  for  absorption)  was  approximately 
0.8  for  the  l:l)/^:3  concretes  and  approximately  1  for  the  1:2:4  concretes. 

'  Freezing  tests  on  the  1:1^:3  specimens  were  discontinued  at  the  expiration  of 
130  alternations. 

'  Figures  in  parentheses  indicate  percentage  of  total  sample  alTected  at  the  end  of 
280  alternations.     (See  Table  4.) 

*  60  per  cent  disintegrated  at  130  alternations. 

»  90  per  cent  disintegrated  at  130  alternations. 

6  Bottom  of  specimen  frozen  in  water  for  10  alternations.    Failure  at  110. 

'  No  quantitative  determination.    A  number  of  fragments  softened. 

'  40  per  cent  disintegrated  at  130  alternations. 

»  30  per  cent  disintegrated  at  1.30  alternations. 

One  complete  alternation  was  accomplished  in  24 
hours.  The  time  of  freezing  for  each  lot  was  alternated 
from  week  to  week  between  8  hours  and  16  houi's;  that 
is,  during  the  first  week  one  lot  would  freeze  8  hours 
and  thaw  16  hours,  and  the  other  lot  freeze  16  hours 
and  thaw  8  hours.  During  the  second  week  the  lots 
were  reversed  so  that  eventually  each  specimen  aver- 
aged 12  hours  freezing  and  12  hours  thawing  in  each 
24-hour  cycle. 

The  position  of  the  prisms  in  the  freezing  cans  was 
change(l  daily.  The  prisms  were  placed  in  the  cans  in 
three  tiers,  three  prisms  in  each  tier,  arranged  so  as  to 
have  a  1-inch  air  space  surrounding  all  specimens. 
Tests  for  rate  of  freezing  made  by  means  of  thermo- 
couples installed  at  the  center  of  the  prism  indicated 
that  the  temperature  of  the  concrete  reached  the  freez- 
ing point  appro.ximately  one  hour  after  being  placed, 
in  the  cans.  From  this  point  the  temperature  dropped 
at  the  rate  of  about  9°  F.  per  hour  to  a  minimum  of 
about  —  4°F.,  which  was  maintained  until  the  end  of  the 
cycle. 

There  follows  a  brief  summary  of  observations  taken 
during  the  freezing  test  on  the  prisms  which  gives, 
for  each  coarse  aggregate,  an  indication  of  the  rate  at 
which  disintegration  developed,  as  well  as  a  statement 
of  the  general  characteristics  of  the  coarse  aggregate, 
its  rating  by  the  sodium  sulphate  soundness  test,  and 
the  results  of  direct  freezing  tests  on  the  aggregate. 
The  data  given  in  this  summary  are  also  given  in  tabu- 
lar form  (Tables  3,4,  and  6)  except  that  tabular  results 
for  the  concrete  freezing  tests  shown  in  Table  6  give 
only  the  number  of  alternations  at  first  indication  of 
failure  and  at  final  failure.  Absorption  and  abrasion 
tests  on  the  coarse  aggregate  are  shown  in  Table  3 
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and  the  results  of  sodium  sulphate  and  freezing  and 
thawing  tests  on  the  aggregate  in  Table  4. 

As  stated  before,  there  were  two  prisms  for  each  ag- 
gregate and  each  of  the  two  mixes,  1:2:4  and  1:1^:3.  In 
making  the  studies  on  which  the  summaries  which  follow 
are  based,  both  prisms  of  each  group  were  examined 
visually  and  thedatagivenconstituteaverages  for  thetwo. 

DETAILED  OBSERVATIONS  ON  SODIUM  SULPHATE  SOUNDNESS 
AND  FREEZING  TESTS  ON  AGGREGATES  AND  ON  FREEZING  TESTS 
OF  1:11/2:3  AND  1:2:4  CONCRETE 

Aggregate  No.  1.  Siliceous  limestone  from  Frederick, 
Md.—  (a)  General  characteristics:  A  hard  siliceous  Ume- 
stone  with  a  percentage  of  wear  of  4  2  and  a  low  ab- 
sorption of  0.10.  (b)  Sodium  sulphate  test:  Sound, 
(c)  Freezing  test  on  the  aggregate:  At  21  alternations 
about  5  per  cent  of  sample  showed  failure  by  splitting 
along    cleavage    lines    on    planes    of    weakness.     No 


grated  in  50  alternations  and  completely  disintegrated 
in  65  alternations.  The  1:1^:3  prisms  were  somewhat 
more  resistant,  total  failure  occurring  at  90  alternations. 
In  neither  case  was  the  coarse  aggregate  affected  in  any 
way.  Failure  occurred  through  softening  of  mortar, 
followed  by  loosening  of  the  bond  l)etwecn  the  mortar 
and  the  coarse  aggregate. 

Aggregate  A^o.  4-  Gravel  from  Allegheny  River,  near 
Pittsburgh,  Pa. — (a)  General  characteristics:  Gravel 
consisting  of  rounded  fragments  of  sandstone  with  some 
quartz.  Percent^age  of  wear,  modified  Deval  test,  12.3; 
absorption  1.21.  (b)  Sodium  sulphate  test:  Unsound, 
(c)  Freezing  test  on  the  aggregate:  Softening  of  some 
of  the  sandstone  fragments  noted  at  21  alternations. 
Action  progressive  from  that  point  with  about  50  per 
cent  of  entire  sample  affected  at  230  alternations. 
Very  little  further  action  at  280  alternations.     Tjarge 
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Gravel  Containing  Dolomite,  Lime- 
stone, Chert,  Granite,  and  Shale 

-Examples  of  Concrete  Prisms  Used  in  Freezing  Tests,  Showing  Sawed  Surface  With  Aggre- 
gate Exposed.     Numbers  Correspond  With  Those  Given  in  Table  3 


further  action  at  the  end  of  280  alternations.  Rated 
as  sound  by  freezing  test,  (d)  Freezing  tests  on  con- 
crete: Tops  and  sides  of  prisms  began  to  scale  at  about 
40  alternations  in  the  case  of  the  1:1)^:3  prisms  and  at 
about  55  alternations  in  the  case  of  the  1:2:4  prisms. 
The  1:2:4  prisms  completely  disintegrated  at  the  end 
of  90  alternations.  The  1:1^:3  prisms  disintegrated 
at  100  alternations.  Failure  due  in  both  cases  to 
expansion  of  mortar  on  freezing,  causing  splitting  and 
disintegration  of  concrete.  Coarse  aggregate  entirely 
unaffected.  Disintegration  of  the  1:1}^:  3  prisms 
seemed  to  progress  somewhat  faster  in  certain  stages 
than  that  of  the  1:2:4  specimens,  although  difference 
in  behavior  was  not  marked. 

Aggregate  No.  3.  Gravel  from  Wateree,  Richland 
County,  S.  C. —  (a)  General  characteristics:  A  gravel 
consisting  essentially  of  very  soft,  friable  fragments  of 
sandstone  and  so-called  sugary  quartz.  Sample  showed 
a  percentage  of  wear  of  32.6  by  modified  Deval  test 
and  an  absorption  of  0.58.  (6)  Sodium  sulphate  test: 
Sound,  (c)  Freezing  test  on  the  aggregate:  Softening 
of  individual  pieces  of  sandstone  noted  at  10  alterna- 
tions. Ninety-five  per  cent  of  sample  affected  at  40 
alternations.  About  2  per  cent  sound  at  the  end  of 
280  alternations.  Rated  as  unsound  by  freezing  test. 
(d)  Freezing  tests  on  concrete:  Top  and  sides  of  1 :2:4 
prisms  began  to  scale  at  about  40  alternations.  Cor- 
ners and  edges  of  1 : 1}^:3  prisms  began  to  spall  at  about 
50   alternations.     1:2:4   prisms   50   per   cent   disinte- 


pieces  of  sandstone  weathered  sUghtly  on  surface  but 
did  not  soften  or  crack.  Rated  as  unsound  in  freezing 
test,  (d)  Freezing  tests  on  the  concrete:  First  failure 
in  1:2:4  prisms  noted  at  about  60  alternations  and  in 
1:1^:3  prisms  at  about  70  alternations.  Top  of 
prism  scaled.  Corners  and  edges  spalled.  Action 
from  this  point  progressed  up  to  total  failure  of  both 
sets  at  approximately  110  alternations.  A  very  small 
percentage  of  the  coarse  aggregate  (1  to  5  per  cent) 
affected.  Failure  due  to  softening  of  mortar  and 
loosening  of  bond  between  mortar  and  coarse  aggregate. 
Aggregate  No.  5.  Gravel  from  Millville,  A''.  J. — (a} 
General  characteristics:  Gravel  consisting  essentially 
of  rounded  fragments  of  sugary  quartz,  very  friable. 
Percentage  of  wear,  27.6  by  modified  Deval  test.  Ab- 
sorption, 0.51  per  cent.  (6)  Sodium  sulphate  test: 
Sound,  (c)  Freezing  test  on  aggregate:  First  failure 
at  10  alternations,  95  per  cent  total  sample  afi'ected 
at  40  alternations,  98  per  cent  at  280  alternations. 
Rated  as  unsound  in  freezing  test,  (d)  First  failure 
on  1:2:4  prisms  at  about  50  alternations,  on  1:1^:3 
prisms  at  about  70  alternations.  Corners  spalhng;  tops 
of  1:2:4  prisms  scaling.  1:2:4  prisms  about  25  per 
cent  disintegrated  at  90  alternations  and  completely 
disintegrated  at  100  alternations.  1 : 1}^:3  prisms  about 
10  per  cent  disintegrated  at  80  alternations  and  100 
per  cent  disintegrated  at  110  alternations.  Action 
somewhat  slower  on  richer  concrete.  Mortar  faihire  in  . 
both  cases.     No   action  on  coarse  aggregate. 
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Aggregate  No.  6.  Gravel  from  North  Wilhraham,  Alass .- — 
(a)  General  characteristics:  Glacial  gravel  consisting 
essentially  of  rounded  fragments  of  quartz,  quartzite, 
schist,  and  gneiss.  Percentage  of  wear  18.3  by  modified 
Deval  test.  Absorption  0.45  per  cent,  (b)  Sodium 
sulphate  test:  Sound,  (c)  Freezing  test  on  aggregate: 
First  evidence  of  failure  at  21  alternations,  slight  soften- 
ing of  surface  of  some  fragments.  At  80  alternations 
about  40  per  cent  of  entire  sample  affected.  No  further 
action  at  280  alternations.  Rated  as  of  questionable 
soundness  by  freezing  test,  (d)  Freezing  test  on  con- 
crete: Top  of  1 :2:4  prisms  scaUng  at  corners  and  spall- 
ing  at  30  alternations.  Corners  and  edges  of  1:1^:3 
prisms  spalling  at  40  alternations.  Progressive  failure 
on  both  sets  resulting  in  total  failure  of  1:2:4  prisms 
at  70  alternations  and  total  failure  of  1:1^:3  prisms 
at  80  ■  alternations.  No  action  on  coarse  aggregate, 
failure  being  due  to  disintegration  of  mortar. 

Aggregate  N^o.  7.  Dolomite  from  Forest,  Ohio. —  (a) 
General  characteristics:  Dolomite,  uniform  in  coloi', 
hardness,  and  composition.  Percentage  of  wear,  9; 
absorption,  1.36.  (b)  Sodium  sulphate  test:  Sound. 
(c)  Freezing  test  on  aggregate:  No  action  to  280  alter- 
nations, (d)  Freezing  test  on  concrete:  Top  of  1:2:4 
prisms  scaling  with  corners  and  sides  spalling  at  30 
alternations.  Similar  action  on  1:1^:3  prisms  at  40 
alternations,  except  that  top  did  not  scale.  Both  sets 
completely  disintegrated  at  90  alternations.  No  ac- 
tion on  coarse  aggregate.  Mortar  softened  between 
particles  of  coarse  aggregate.  Bond  between  mortar 
and  coarse  aggregate,  however,  did  not  fail,  as  mortar 
continued  to  adhere  to  surface  of  coarse  aggregate  even 
after  failure  of  prisms. 

Aggregate  No.  8.  Diabase  (trap)  from  New  Haven,, 
Conn. —  (a)  General  characteristics:  Diabase,  uniform 
in  color,  hardness,  and  composition.  Percentage  of 
wear,  2.8;  absorption,  0.20.  (6)  Sodium  sulphate  test: 
Sound,  (c)  Freezing  test  on  aggregate:  No  action  in 
280  alternations,  {d)  Freezing  test  on  concrete:  First 
signs  of  failure  in  1:2:4  prisms  at  20  alternations, 
followed  by  rapid  progressive  disintegration.  Ninety 
])er  cent  disintegrated  at  50  alternations  and  completely 
disintegrated  at  65  alternations.  Action  on  1:1)^:3 
prisms  started  at  40  alternations  with  90  per  cent  dis- 
integrated at  SO  alternations  followed  by  complete 
failure  at  90  alternations.  No  action  on  coarse  aggre- 
gate. Bond  between  mortar  and  coarse  aggregate 
loosened. 

Aggregate  No.  .9.  Basalt  {trap)  from  Bound  Brook, 
N.  J. —  (a)  General  characteristics:  Basalt  of  uniform 
color,  hardness,  and  composition.  Percentage  of  wear, 
2;  absorption,  0.10  percent.  (6)  Sodium  suphate  test: 
Sound,  (c)  Freezing  test  on  aggregate:  No  action  in 
280  alternations,  (d)  Freezing  test  on  concrete:  Initial 
failure  of  1:2:4  prisms  at  20  alternations,  followed  b^^ 
progressive  action,  with  90  per  cent  disintegration  at 
55  alternations  and  100  per  cent  disintegration  at  65 
alternations.  The  1 :  1K:3  prisms  showed  initial  failure 
at  40  alternations,  with  90  per  cent  disintegration  at  85 
alternations  and  100  per  cent  disintegration  at  100  al- 
ternations. Mortar  softened  and  loosened  from  coarse 
aggregate,  which  was  unafl'ected.  Behavior  almost  iden- 
tical with  that  observed  in  case  of  aggregate  No.  8. 

Aggregate  No.  10.  Limestone  from  Bucyrus,  Ohio. —  (a) 
General  characteristics:  Limestone  varying  consider- 
ably in  quahty,  ranging  from  argillaceous  with  percent- 
age of  wear  equahng  3.6  and  absorption  of  0.59  to  white 
crystalline  with  percentage  of  wear  equaling  7  and 
absorption   2.65   per  cent.     Argillaceous  material   ap- 


proximately 50  per  cent  of  total.  (6)  Sodium  sulphate 
test:  Unsound,  (c)  Freezing  test  on  aggregate:  Several 
particles  disintegrated  at  21  alternations;  30  per  cent 
softened  at  80  alternations  and  60  per  cent  at  280 
alternations.  The  argillaceous  material  completely 
disintegrated,  with  white  crystalline  fraction  weakened. 
Rated  as  unsound  in  freezing  test,  (d)  Freezing  test  on 
concrete:  First  failure  of  1:2:4  prism  at  50  alternations; 
sides  and  top  scaUng.  This  was  followed  by  rapid 
progressive  failure  so  that  90  per  cent  was  disintegrated 
at  70  alternations  and  100  per  cent  at  90  alternations. 
The  action  on  the  1 :1K'3  prism  was  somewhat  slower, 
initial  scaling  and  spalling  not  being  noted  until  after 
85  alternations.  Sixty  per  cent  of  prisms  had  disinte- 
grated at  130  alternations.  About  5  per  cent  of  coarse 
aggregate  (argillaceous)  affected.  Failure  due  to 
softening  of  mortar.  Mortar  still  adhered  to  particles 
of  coarse  aggregate,  indicating  good  bond. 

Aggregate  No.  11.  Dolomite  from  Thornton,  III. —  («) 
General  characteristics:  Dolomite.  Percentage  of  wear 
5.3;  Absorption,  1.35.  About  50  per  cent  of  total 
sample  very  porous.  Some  carbonaceous  matter  pres- 
ent. (6)  Sodium  sulphate  test:  Unsound,  (c)  Freezing 
test  on  aggregate:  Several  pieces  containing  carbona- 
ceous matter  softened  at  end  of  21  alternations.  No 
further  action  at  280  alternations.  Rated  as  sound  in 
freezing  test,  {d)  Freezing  test  on  concrete:  Initial 
failure  of  1:2:4  prism  at  about  50  alternations  consist- 
ing of  scaling  and  surface  pitting.  Prisms  disintegrated 
50  per  cent  at  140  alternations,  and  100  per  cent  at  150 
alternations.  Mortar  failure  with  good  bond,  however, 
between  mortar  and  coarse  aggregate.  About  10  per 
cent  of  aggregate  affected.  The  1:1^:3  prisms  showed 
first  signs  of  failure  (scaling  and  pitting)  at  85  alterna- 
tions, uith  90  per  cent  prism  disintegrated  at  130  alter- 
nations. Behavior  similar  to  1:2:4  prisms  except  that 
initial  action  was  somewhat  delayed. 

Aggregate  No.  12.  Argillaceous  Limestone  from  St. 
Paid,  Minn. —  (a)  General  characteristics:  A  dark 
argillaceous  limestone,  uniform  in  color,  hardness,  and 
composition.  Absorption  1.35  per  cent.  No  value  for 
percentage  of  wear  reported,  {b)  Sodium  sulphate  test: 
Unsound,  (c)  Freezing  test  on  aggregate:  Indications 
of  surface  weathering  of  individual  pieces  at  21  alterna- 
tions; 15  per  cent  of  sample  disintegrated  at  40  alterna- 
tions and  100  per  cent  disintegrated  at  80  alternations. 
Rated  as  unsound  in  freezing  test,  {d)  Freezing  test 
on  concrete:  Surface  pitting  on  1:2:4  prism  with 
softening  of  exposed  coarse  aggregate  noted  at  20 
alternations.  Prisms  70  per  cent  disintegrated  at  55 
alternations  and  100  per  cent  disintegrated  at  70  alter- 
nations. All  coarse  aggregate  softened  to  putty-like 
consistency.  Similar  action  on  1:1^2:3  prisms,  except 
that  initial  action  was  considerabl}^  delaj^ed.  Initial 
failure  noted  at  40  alternations;  prisms  40  per  cent 
disintegrated  at  85  alternations  and  completely  disin- 
tegrated at  100  alternations.  Failure  b.y  action  on 
both  mortar  and  coarse  aggregate. 

Aggregate  No.  13.  Gravel  from,  Appleton,  Alinnesota. — 
(a)  General  characteristics:  Rounded  fragments  of 
dolomite,  limestone,  chert,  granite  and  shale.  Per- 
centage of  wear,  modified  Deval  test,  7;  absorption  0.49 
per  cent,  {b)  Sodium  sulphate  test:  Unsound,  (c) 
Freezing  test  on  aggregate:  Pieces  of  shale  (about  1  per 
cent  of  total)  disintegrated  at  10  alternations.  About  5 
per  cent  (schists  and  sandstone)  disintegrated  at  21 
alternations.  No  further  action  to  280  alternations. 
Rated  as  sound  in  freezing  test,  (d)  Freezing  test  on 
concrete:  Initial  failure  due  to  popping  out  of  exposed 
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shale  fragments  from  surface.  Observed  on  1:2:4 
prism  at  35  alternations;  on  1 : 1)^:3  prism  at  40  alterna- 
tions. 1:2:4  prisms  5  per  cent  disintegrated  at  140 
alternations  and  completely  disintegrated  at  200  alter- 
nations. Observations  on  1 : 1  }^  :3  prisms  after  40  alter- 
nations meaningless  because  of  error  in  freezing. 

Aggregate  No.  14-  Dolomite  from  Monroe,  Mich. —  (a) 
General  characteristics:  Siliceous  and  argillaceous 
dolomite  with  cavities.  Thin  bedding  planes  of  argil- 
laceous material.  Percentage  of  wear,  7.6;  absorption, 
2.24.  (6)  Sodium  sulphate  test:  Unsound,  (c)  Freez- 
ing test  on  aggregate:  First  failure,  consisting  of  soften- 
ing of  argillaceous  material,  noted  at  10  alternations. 
At  .30  alternations  30  per  cent  of  entire  sample  affected, 
with  SO  per  cent  affected  at  80  alternations.  vSihceous 
dolomite  unaffected.  No  further  action  to  280  alterna- 
tions. Rated  as  unsound  by  freezing  test,  (d)  Freez- 
iug  test  on  concrete:  Initial  failure  (scaling  and  spalhng) 
on  both  sets  of  prisms  at  about  85  alternations.  Forty 
per  cent  of  the  1:2:4  prisms  disintegrated  at  140  alter- 
nations and  25  per  cent  of  the  1:1)^:3  prisms  disinte- 
grated at  120  alternations.  The  1:2:4  prisms  com- 
pletely disintegrated  at  160  alternations.  Forty  per 
cent  of  the  1:1^:3  prisms  disintegrated  at  130  alterna- 
tions. Unsound  particles  of  coarse  aggregate  in  both 
prisms  disintegrated.  From  20  to  50  per  cent  of  the 
siliceous  dolomite  was  affected. 

Aggregate  No.  16.  Limestone  from  Buffalo,  A'.  Y. — 
(a)  General  characteristics:  Dark  gray  limestone  con- 
taining flint.  Percentage  of  wear,  4.2 ;  absorption,  0.08 
l)er  cent,  (b)  Sodium  sulphate  test:  Sound,  (c)  Freez- 
ing test  on  aggregate:  First  indication  of  failure  at 
80  alternations.  About  5  per  cent  of  material  spalled 
along  cleavage  lines.  No  further  action  at  200  alter- 
nations. At  280  alternations  50  per  cent  of  sample 
showed  a  softening  along  edges  of  individual  pieces. 
Rated  as  sound  in  freezing  test,  (d)  Freezing  test  on 
concrete :  The  1:2:4  prisms  showed  scaling  on  top  at 
about  55  alternations;  10  per  cent  disintegrated  at  90 
alternations,  with  two  pieces  of  exposed  chert  cracked. 
Prisms  50  per  cent  disintegrated  at  140  alternations 
and  100  per  cent  disintegrated  at  160  alternations. 
Mortar  softened.  Bond  with  chert  particles  broken. 
Number  of  chert  fragments  cracked  and  split.  The 
1:1^:3  prisms  showed  first  signs  of  failure  at  about  85 
alternations  (mortar  pitting  on  surface).  Prisms  were 
30  per  cent  disintegrated  at  130  alternations,  with 
particles  of  chert  cracked  and  split. 

Aggregate  Alo.  17.  Blast  fur  mice  slag,  from^  Hubbard, 
Ohio. —  (a)  General  characteristics:  A  porous  blast 
furnace  slag,  weight  per  cubic  foot  about  70  pounds. 
Absorption  2.85  per  cent,  {b)  Sodium  sulphate  test: 
Sound,  (c)  Freezing  test  on  aggregate :  First  evidence 
of  failure  at  21  alternations.  At  80  alternations  about 
10  per  cent  of  sample  (the  light  honeycombed  pieces) 
weakened.  At  280  alternations  about  30  per  cent  of 
particles  weakened.  Rated  as  sound  in  freezing  test. 
(d)  Freezing  test  on  concrete :  The  1:2:4  prisms  began 
scaling  at  22  alternations.  At  50  alternations  about 
40  per  cent  of  prisms  disintegrated.  Prisms  100  per 
cent  disintegrated  at  65  alternations.  Mortar  failure. 
Coarse  aggregate  unaft'ected. 

Failure  of  1:1)^:3  prisms  started  at  40  alternations. 
At  80  alternations  prisms  had  disintegrated  10  per  cent. 
Total  disintegration  at  130  alternations. 

Aggregate  No.  18.  Blast  Furnace  slag  from  Leetonia, 
Ohio. —  (a)  General  characteristics:  Blast  furnace  slag. 
Weight    per    cubic    foot    approximately    85    pounds. 


(6)  Sodium  sulphate  soundness  test  not  made,  (c) 
Freezing  test  on  aggregate:  First  evidence  of  failure  at 
21  alternations.  About  1  per  cent  of  total  sample 
(light,  porous  pieces)  weakened.  No  noticeable  fur- 
ther action  until  280  alternations,  at  which  examination 
showed  about  60  per  cent  of  sample  weakened.  Rated 
as  of  questionable  soundness  in  freezing  test,  {d) 
Freezing  test  on  concrete:  The  1:2:4   prisms   showed 


Figure  2. — Examples  Typical  of  Concrete  Prisms  After 
Alternate  Freezing  and  Thawing.  Numbers  Corres- 
pond With  Those  Given  in  Table  3.  Prisms  in  Upper 
Photograph,  1:1J4:3  Mix  After  83  Alternations; 
Lower  Photograph,  1:2:4  Mix  After  140  Alternations 

scaling  on  top  and  sides  at  35  alternations.  Prisms 
50  per  cent  disintegrated  at  55  alternations  and  com- 
pletely disintegrated  at  65  alternations.  Mortar  fail- 
ure, although  some  of  the  lighter  slag  fragments  were 
weakened.  The  1:1^:3  prisms  started  pitting  and 
scaling  at  15  alternations.  Prisms  were  100  per  cent 
disintegrated  at  80  alternations.  A  mortar  failure, 
although  light  honeycombed  pieces  of  slag  were  afl'ected. 

DISCUSSION 

The  most  interesting  fact  to  be  noted  from  a.  study 
of  these  results  is  that,  in  spite  of  the  wide  variation 
in  the  ciuality  of  the  coarse  aggiegate  used,  failure  of  the 
concrete  due  to  freezing  and  thawing  in  practicall}'^  all 
instances  was  due  to  a  weakening  and  consequent  break- 
ing down  of  the  mortar  portion  of  the  concrete.  Al- 
though a  number  of  the  coarse  aggregates  were  composed 
of  either  very  soft  or  friable  pieces,  or  showed  unsound- 
ness by  the  sodium  sulphate  test,  the  concretes  in  which 
these  materials  were  used  were,  in  general,  just  as 
resistant  as  concrete  containing  coarse  aggregate  of 
known  durability.  This  applied  to  both  the  1:2:4 
and  the  1 : 1)2: 3  mixtures,  although  a  study  of  the  data 
will  show  in  almost  all  cases  greater  resistance  in  the 
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1:1)^:3  mixes.  This  is  due,  no  doubt,  to  the  fact  that 
in  the  richer  mi.xtures  the  aggregates  were  incorporated 
in  a  paste  ^laving  a  considerabl.y  lower  water-cement 
ratio,  with  consequently  increased  resistance  to  frost 
action. 

Included  ^n  this  series  of  tests  were  six  aggregates 
which  were  rated  as  unsound  in  the  sodium  sulphate 
test.  Two  of  these  were  gravels  and  four  limestones. 
In  only  one  case  (aggregate  No.  12),  an  argillaceous 
limestone,  is  there  any  indication  that  failure  ma}'  have 
been  accelerated  jby  the  character  of  the  coarse  aggre- 
gate. However,  even  in  this  case  as  many  alternations 
were  required  to  disintegrate  the  concrete  as  were 
necessary  in  the  case  of  the  concrete  containing  the  trap 
rock  aggregates,  Nos.  8  and  9,  both  of  which  were  of 
unquestioned  soundness.  Aggregate  No.  14,  which 
was  also  an  argillaceous  material,  showed  up  very  well 
in  cycle  No.  3,  although  the  1:3:6  specimens  contain- 
ing this  aggregate  were  very  badly  affected  as  evidenced 
by  the  failure  of  the  beams  in  cycle  No.  2  to  stand  any 
appreciable  load.  (See  Table  5.)  This  is  an  apparent 
reversal  in  behavior  which  it  is  rather  difficult  to  explain. 
It  is  of  course  possible  that  the  specimens  had  become 
weakened  through  action  on  the  coarse  aggregate  some 
time  before  actual  disintegration  took  place.  It  is 
interesting  to  note,  however,  that  no  evidence  what- 
ever of  weathering  (that  is,  surface  scaling,  pitting, 
etc.),  which  in  most  cases  appeared  at  about  40  alter- 
nations, was  observed  until  85  alternations  had  been 
made.  This  would  certainlj^  indicate  that  the  unsound- 
ness noted  in  this  particular  aggregate  was  not  accom- 
panied by  appreciable  volume  change,  such  as  occurs 
when  certain  varieties  of  chert  are  subjected  to  frost 
action. 

Gravels  No.  3  and  No.  5  are  of  interest  because  they 
represent  a  certain  type  of  very  friable  quartz  gravel 
known  as  sugary  quartz  which  occurs  along  the  Atlan- 
tic seaboard.  Because  of  their  extreme  friability  the. 
use  of  these  aggregates  has  been  questioned  by  many 
engineers.  These  tests  indicate  that,  although  the 
aggregates  failed  in  a  direct  freezing  test,  they  were 
not  of  such  a  character  as  to  cause  unsoundness  in  the 
concrete.  The  same  is  true  of  aggregate  No.  4,  from 
the  Allegheny  River,  near  Pittsburgh.  Although  show- 
ing unsound  in  the  sodium  sulphate  test,  this  unsound- 
ness did  not  apparently  contribute  in  any  way  to  the 
failure  of  the  1:1)^:3  or  1:2:4  concrete  prisms.  With 
the  possible  exception  of  aggregate  No.  12,  this  seemed 
to  be  true  also  of  all  of  the  other  aggregates  which  were 
rated  as  unsound  in  the  sodium  sulphate  test.  Here 
again,  this  particular  behavior  is  due  probably  to  the 
fact  that  in  none  of  these  cases  did  unsoundness 
manifest  itself  by  violent  volume  change  in  the  coarse 
aggregate.  The  results  indicate  that  where  the  type 
of  material  is  such  that  weathering  produces  merely  a 
softening  of  the  fragments,  unaccompanied  by  volume 
change,  the  ultimate  behavior  of  the  concrete  will  be 
controlled  largely  by  the  quality  of  the  cement  matrix, 
rather  than  by  the  quality  of  the  aggregate.  It  should 
be  remembered  that  no  attempt  was  made  to  include 
manifestly  unsatisfactory  materials,  such  as  shale,  in 
this  series  of  tests.     The  idea  was  rather  to  include  a 


number  of  so-called  border-line  materials — materials 
which  are  frequently  rejected  because  of  failure  to  meet 
some  arbitrary  laboratory  test  but  concerning  the  real 
value  of  which  we  have  little  data. 

In  this  connection  it  is  of  interest  to  call  attention  to 
the  results  which  were  secured  on  aggregate  No.  15,  a 
cherty  limestone  from  Quincy,  111.  These  results,  as 
well  as  those  for  aggregate  No.  2,  Potomac  River  gravel, 
were  not  included  in  Tables  5  and  6  because  a  different 
cement  was  used  in  making  up  the  concrete  and  direct 
comparisons  are  therefore  not  possible.  However, 
observations  of  the  concrete  prisms  containing  aggre- 
gate No.  15  indicated  beyond  doubt  that  disintegration 
in  this  particular  coarse  aggregate  was  accompanied  by 
volume  change.  In  both  prisms  the  first  noticeable 
action  was  a  popping  out  of  exposed  chert  particles  in  a 
manner  similar  to  that  observed  in  actual  service.  This 
action  started  at  five  alterations  of  freezing  and  thaw- 
ing. This  particular  aggregate  contained  approxi- 
mately 70  per  cent  chert  by  weight. 

It  is  realized  that  the  method  of  evaluating  the  results 
of  freezing  tests  by  means  of  a  visual  examination  of  the 
specimen  has  many  drawbacks.  It  involves  the  per- 
sonal equation  to  a  considerable  extent  and  also  fails  to 
express  quantitatively  any  weakening  of  the  concrete 
due  to  frost  action  which  is  not  manifested  in  actual 
disintegration.  At  the  time  these  tests  were  made, 
however,  the  bureau's  facilities  for  conducting  freezing- 
tests  did  not  permit  of  the  storing  of  specimens  of 
sufficient  size  for  strength  tests  after  freezing. 

In  spite  of  these  objections  it  is  felt  that  the  observa- 
tions made  in  connection  with  this  work  were  sufficiently 
precise  to  enable  us  to  draw  a  reasonably  accurate 
picture  of  the  relative  behavior  of  these  specimens  in 
the  freezing  test.  The  tests  were  not  extensive  enough 
to  warrant  drawing  definite  conclusions.  It  is  believed, 
however,  that  certain  trends  have  been  indicated  with 
sufficient  definiteness  to  throw  some  additional  light  on 
this  particular  problem.  These  indications  are  as 
follows : 

1.  That,  within  the  range  in  variation  of  aggregate 
quality  covered  by  these  tests,  variations  in  the  quality 
of  mortar  caused  by  changes  in  the  water-cement  ratio 
of  the  cement  paste  will  have  a  greater  effect  upon  the 
resistance  of  concrete  to  frost  action  than  will  variations 
in  the  type  and  character  of  the  coarse  aggregate. 

2.  That  failure  of  coarse  aggregates  in  the  sodium 
sulphate  soundness  test  is  not  necessarily  an  indication 
that  the  aggregate  is  unsatisfactory  for  use  in  concrete 
to  be  exposed  to  the  weather. 


(Continued  from  p.  31) 

since,  of  the  money  so  reinvested  in  productive  indus- 
try, labor  again  receives  the  major  part,  it  is  not  unrea- 
sonable to  suggest  that  as  much  as  90  per  cent  and 
probably  more  of  the  original  expenditure  for  a  concrete 
pavement  ultimately  finds  its  way  into  wages  and  sal- 
aries and  that  this  percentage  is  not  greatly  changed 
by  the  turn  of  the  cycle  from  prosperity  to  depression 
and  back  again. 
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ROAD  PUBLICATIONS  of  the  BUREAU  OF  PUBLIC  ROADS 


ANNUAL  REPORTS 

Report  of  the  Chief  of  the  Bureau  of  Public  Roads,  1924. 

Report  of  the  Chief  of  the  Bureau  of  Public  Roads,  1925. 

Report  of  the  Chief  of  the  Bureau  of  Public  Roads,  1927. 

Report  of  the  Chief  of  the  Bureau  of  Public  Roads,  1928. 

Report  of  the  Chief  of  the  Bureau  of  Public  Roads,  1929. 

DEPARTMENT  BULLETINS 


*No.  136D  . 

*No.  347D  . 

*No.  532D  . 

*No.  583D  . 

*No.  660D  . 
No.  I279D 


.  Highway  Bonds.     20  cents. 

.   Methods  for  the  Determination  of  the  Physical 
Properties  of  Road-Building  Rock.       10  cents. 

.  The  Expansion  and  Contraction  of  Concrete 
and  Concrete  Roads.      10  cents. 

.   Reports  on  Experimental  Convict  Road  Camp, 
Fulton  County,  Ga.     25  cents. 

.  Highway  Cost  Keeping.      10  cents. 

.  Rural  Highway  Mileage,  Income,  and  Expendi- 
tures, 1921  and  1922. 

No.  1486D  .   .  Highway  Bridge  Location. 

TECHNICAL  BULLETINS 

No.      55T    .   .   Highway  Bridge  Surveys. 

No.    265T    .   .  Electrical  Equipment  on  Movable  Bridges. 

SEPARATE  REPRINT  FROM  THE  YEARBOOK 

No.  1036Y  .  .  Road  Work  on  Farm  Outlets  Needs  Skill  and 
Right  Equipment. 

MISCELLANEOUS  CIRCULARS 

No.  62MC  .  .  Standards  Governing  Plans,  Specifications, 
Contract  Forms,  and  Estimates  for  Federal- 
Aid  Highway  Projects. 

*No.  93MC  .  .   Direct  Production  Costs  of  Broken  Stone.   25c. 

No.  109MC  .  .  Federal  Legislation  and  Regulations  Relating 
to  the  Improvement  of  Federal-Aid  Roads  and 
National-Forest  Roads  and  Trails,  Flood 
Relief,  and  Miscellaneous  Matters. 

MISCELLANEOUS  PUBLICATION 

No.  76MP  .  .  The  Results  of  Physical  Tests  of  Road-Build- 
ing Rock. 


TRANSPORTATION  SURVEY  REPORTS 

Report  of  a  Survey  of  Transportation  on  the  State  Highway 
System  of  Ohio.    (1927.) 

Report  of  a  Survey  of  Transportation  on  the  State  Highways 
of  Vermont.     (1927.) 

Report  of  a  Survey  of  Transportation  on  the  State  Highways 
of  New  Hampshire.    (1927.) 

Report  of  a  Plan  of  Highway   Improvement  in  the  Regional 
Area  of  Cleveland,  Ohio.    (1928.) 

Report  of  a  Survey  of  Transportation  on  the  State  Highways 
of  Pennsylvania.    (1928.) 

Report  of  a  Survey  of  Traffic  on  the  Federal-Aid  Highway 
Systems  of  Eleven  Western  States.    (1930.) 

REPRINTS  FROM  THE 

JOURNAL  OF  AGRICULTURAL  RESEARCH 


Vol.    5,No.  17,D-  2  . 

Vol.    5,No.  19,D-  3  . 

Vol.    5.  No.  24.  D-  6  . 

Vol.  ll,No.  10,  D-15  . 


.  Effect  of  Controllable  Variables  upon 
the  Penetration  Test  for  Asphalts 
and  Asphalt  Cements. 

.  Relation  Between  Properties  of  Hard- 
ness and  Toughness  of  Road-Build- 
ing Rock. 

.  A  New  Penetration  Needle  for  Use 
in  Testing  Bituminous  Materials. 

.  Tests  of  a  Large-Sized  Reinforced- 
Concrete  Slab  Subjected  to  Eccen- 
tric Concentrated  Loads. 


REPRINT  FROM  PUBLIC  ROADS 

Reports  on  Subgrade  Soil  Studies. 


LDLEASE  NOTE:  Applicants  are  urgently  requested  to  asl(  only  for  those  pub- 
lications in  which  they  are  particularly  interested.  •  The  Department  can  not 
undertal^e  to  supply  complete  sets  nor  to  send  free  more  than  one  copy  of  any  publi. 
cation  to  any  one  person.  •  The  editions  of  some  of  the  publications  arc  necessarily 
limited,  and  when  the  Department' s  free  supply  is  exhausted  and  no  funds  are  avail- 
able for  procuring  additional  copies,  applicants  are  referred  to  the  Superintendent  of 


Documents,  Government  Printing  Office,  Washington,  D.  C  who  has  them  for  sale 
at  a  nominal  price,  under  the  law  of  January  12,  1895.  •  Those  publications  in 
this  list,  the  Department  supply  of  which  is  exhausted,  can  only  be  secured  by 
purchase  from  the  Superintendent  of  Documents,  who  is  not  authorized  to  furnish 
publications  free.  •  •  •  •  Numbers  mark,ed  with  an  asterisli  [*]  indicate 
Department  supply  is  exhausted. 
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HIGHWAY  TRAFFIC  CAPACITY 


By  A.  N.  JOHNSON,  Dean,  College  of  Engineering.  University  of  Maryland 

NE    of    the    fundamental    factors    of    highway 
the    traffic    capacity    of    a    road. 


O  economics  is 
This  paper  reports  a  study  of  the  relative  trad'u 
capacity  of  2-lane,  3-lane,  and  4-lane  highways.  The 
project  was  undertaken  as  a  cooperative  arrangement 
between  the  United  States  Bureau  of  Public  Roads,  the 
State  Roads  Commission  of  Maryland,  and  the  Uni- 
versity of  Maryland,  under  the  immediate  supervision 
of  the  writer. 

The  basic  data  for  this  discussion  are  the  result  of 
traffic  counts  taken  during  the  summers  of  1930  and 
1931.  A  tentative  report  on  the  work  done  in  1930  was 
published  in  the  Proceedings  of  the  Highway  Research 
Board  for  1930.  It  was  evident  that  positive  conclu- 
sions could  not  be  reached  from  the  data  then  at  hand, 
and  a  second  series  of  observations  was  made  in  1931, 
closely  paralleling  that  of  the  preceding  year.  There 
will  be  repeated  here  such  general  description  of  the 
work  as  is  necessary  to  make  this  report  comi)lete  in 
itself  without  reference  to  the  tentative  report  noted 
above. 

In  1930  the  field  work  extended  from  June  2G  to 
September  1,  and  in  1931  from  July  1  to  September  7. 
Observers  in  both  years  were  recruited  among  senior 
engineering  students  at  the  University  of  Maryland. 

TRAFFIC  CAPACITY   AND  CONGESTION  DEFINED 

For  the  purposes  of  this  study  it  was  first  necessary 
to  develop  a  definition  of  traffic  capacity.  The  "work- 
ing capacity"  or  "free-moving  capacity"  of  a  highway 
was  taken  to  mean  the  point  at  which  congestion  first 
becomes  apparent.  When  a  road  carries  only  a  few- 
vehicles  all  will  move  freely  and  there  can  be  no  ques- 
tion of  congestion.  As  the  number  of  vehicles  increases 
there  will  be  reached  a  point  at  which  some  will  be 
delayed  because  they  can  not  immediately  pass  slower 
vehicles  ahead  of  them.    This  delay  indicates  congestion. 

Beyond  the  free-moving  capacity  of  a  highway  the 
number  of  vehicles  passing  in  a  given  time  may  still 
increase,  but  traffic  will  move  with  more  and  more 
restrictions.  The  individual  driver  will  have  less  and 
less  freedom  of  action,  being  compelled  to  follow  the 
vehicles  directly  ahead  of  him.  The  number  of  ve- 
hicles may  increase  until  the  rate  of  flow  is  at  a  maxi- 
mum, when  the  ultimate  capacity  of  the  highway  may 
be  said  to  have  been  reached.  Any  attempt  to  put 
still  more  vehicles  through  will  result  in  serious  inter- 
ference with  the  movement  of  traffic,  and  the  number 
of  vehicles  passing  a  given  point  in  a  given  time  will 
actually  decrease  because  of  overcrowding. 

The  observers  were  instructed  to  make  note  of  con- 
gestion under  substantially  the  followdng  conditions: 
Congestion  is  considered  to  occur  on  a  road  when  the 
number  of  veliicles  reaches  a  total  great  enough  to  fill 
the  road  and  make  turning  out  impracticable;  this 
condition  to  last  a  sufficient  length  of  time  to  be  notice- 
able, the  minimum  amount  of  time  being  one  minute. 
When  congestion  occurs,  reduction  of  speed  will  be 
noticed,  along  with  the  tendency  for  drivers  to  crowd 
one  another. 

In  all  further  discussion  the  term  "congestion"  is 
used  as  above  defined  and  "capacity"  is  understood 
to  mean  "working  capacity." 


The  two  observers  traveled  from  point  to  i)()iiit  in  a 
motor  car  and  counted  the  traflic  on  roads  known  to 
have  heavy  traffic,  endeavoi-ing  as  far  as  possibles  to 
count  during  the  rush  hours  on  the  respective  roads. 
The  stretches  of  highway  selected  were  as  fi'ee  as 
possible  from  interference  from  crossroads  oi'  other 
features  that  would  hinder  the  free  flow  of  traflic. 

During  1930,  traffic  was  counted  at  38  different 
points,  scattered  between  Boston  and  Washington,  l^l 
separate  counts  being  made.  In  1931,  33  stations  were 
occupied,  for  a  total  of  56  counts,  mostly  in  northern 
New  Jersey  and  Pennsylvania  because  of 'the  compara- 
tively large  number  of  three  and  four  lane  roads  to  be 
found  in  this  territory.  A  complete  list  of  the  stations 
is  given  in  Table  3,  at  the  end  of  the  article.  A  sum- 
mary of  the  traffic  counts  according  to  geographic  loca- 
tion and  number  of  lanes  of  pavement  width  is  shown 
in  Table  1 . 

Table    1. — Diatribulion    of  IraJHc    counls    by   ycogiaphic    lucalion 
and  number  uf  lanes 


State 


Maryland 

New  Jersey... 

Pennsylvania. 

New  York 

Connecticut... 
Massachusetts 
Virginia 


Total 

Total  in  both  years. 


Year 


1930 
193 1 
1930 
1931 
1930 
1931 
1930 
1930 
1930 
1930 


1930 
1931 


Nuniher  of  counts 


2-laue     3-lane 
roads  ,  roads 


4-lane 
roads 


31 
IS 


Total 


The  purpose  of  the  investigation  made  it  necessary 
to  count  traffic  through  peak  periods  to  get  as  nearly  as 
possible  the  maximum  traffic  conditions.  It  will  be 
readily  appreciated,  however,  that  there  were  many 
stations  occupied  which  did  not  at  the  time  develop 
sufficiently  heavy  traffic  to  approach  the  critical  stage. 
There  were,  therefore,  a  number  of  counts  made  each 
year  which  had  no  infiuence  u])on  the  results.  The 
rush  hours  during  which  traffic  stations  were  occupied 
proved  to  be  late  afternoon  or  evening,  generally  be- 
tween 3  and  7  o'clock. 

CONSISTENCY   OF   OBSERVERS'  JUDGMENT  TESTED 

One  of  the  questions  which  arose  during  the  analysis 
of  the  data  was  whether  under  similar  traffic  conditions 
like  interpretations  would  be  made  by  the  same  or  dif- 
ferent observers;  in  other  words,  whether  the  concept 
of  congestion  as  formulated  was  sufficiently  definite  to 
serve  as  a  fixed,  objective  standard.  A  study  of  the 
traffic  counts  submitted,  making  comparison  between 
the  conclusions  reached  by  one  party  of  observers  and 
those  of  the  other  party  under  similar  conditions 
showed  very  satisfactory  agreement,  indicating  that 
such  differences  as  did  occur  were  due  more  to  some 
other  influence  that  would  att'ect  the  traffic  than  to 
differing  judgment  on  the  part  of  the  observers. 
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TIME  (PM)  IN   HOURS  AND   MINUTES 


HOUR 

TRAFFIC 
(VEHICLES) 

PERCENTAGE  IN 
EACH  DIRECTION 

3  TO  4 

924 

50/50 

4  TO  5 

1,243 

41/59 

5  TO  6 

2,008 

25/  75 

TRUCKS   10    PER  HOUR 

BUSSES    0 

SPEED   25  TO  35  M  PH. 


FinuiiE  1. — Traffic  on  2-Lane  Road  in 
Dm;iD  Hill  Park,  Baltimore,  Md., 
July  15,  1930 

As  a  further  test  of  the  judgment  of  the  observers, 
stations  that  were  occui)ied  at  the  beginning  of  the 
season  were  again  occupied  at  the  close,  tlie  traffic  at 
these  points  being  about  the  same.  The  reports  re- 
ceived were  siniihir  and  intUcated  that  the  picture  in  the 
observer's  mind  of  a,  congested  condition,  as  hei'e  de- 
fined, was  i-easonably  well  fixed  and  precise. 

PROCEDURE  DESCRIBED 

At  each  station  the  traffic  was  recorded  by  5-minute 
intervals,  showing  the  number  of  vehicles  in  each  direc- 
tion or  in  each  lane.  Passenger  automobiles,  trucks, 
and  busses  were  tabulated  separately.  The  tally  sheets 
provided  space  for  indicating  when  the  traffic  was  run- 
ning freely  and  when  it  was  congested.  No  record  of 
congestion  was  made  unless  it  extended  for  a  period  of 
one  minute.  Thus,  during  some  5-minute  intervals 
tliere  would  be  but  one  minute  during  which  congestion 
occurred;  in  other  instances  two  minutes,  or  more,  up 
to  the  full  (ivc  minutes. 
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TIME(PM)   IN   HOURS    AND   MINUTES 


HOUR 

TRAFFIC 
(VEHICLES) 

PERCENTAGE    IN 
EACH  DIRECTION 

2  TO  3 

2,6  42 

28/  72 

3  TO  4 

2,805 

32/68 

4  TO  5 

2,755 

4  1/59 

S  TO  6 

2,484 

53/47 

6  TO  630 

1  ,157 

56/44 

TRUCKS  33  PER  CENT 
BUSSES  2  PER  CENT 
SPEED     3S  TO  40  M  P  H 


1^'iGURE  2. — Traffic  on  3-Lane  Road,  U.  S.  Route  9,  1 
Mile  North  of  South  Amboy,  N.  J.,  Acgu.st  1,  1931 

The  tally  sheets  were  summarized  for  each  count  and 
the  data  plotted  as  shown  in  Figures  1,  2,  and  3.  These 
graphs  give  all  the  essential  facts,  such  as  date,  location, 
actual  traffic  per  hour,  estimated  average  speed,  num- 
ber of  trucks  and  busses,  and  the  number  of  lanes 
available  for  traffic.  The  ordinates  of  the  graph  show 
the  traffic  for  each  5-minute  interval,  while  the  number 
of  minutes  of  congestion  in  each  interval  are  shown  by 
the  shaded  columns  in  the  lower  section  of  the  graph. 

Figure  1  gives  the  record  of  a  traffic  count  on  a  2-lane 
road  by  5-minute  intervals  during  the  hours  between 
3  and  6  p.  m.  The  maximum  hourly  traffic  (5  to  6) 
was  2,008  vehicles,  although  the  maximum  rate  per 
hour  during  a  5-minute  period  within  this  same  hour 
was  2,268.  This  was  the  maximum  hourly  traffic 
observed  on  any  2-lane  road  and  was  about  89  per  cent 
of  the  hourly  rate  of  the  maximum  5-minute  interval. 

Figure  2  shows  a  similar  record  for  a  3-lane  road 
where  the  actual  hourly  maximum  was  2,805  vehicles. 
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TIME  (PM)  IN  HOURS  AND   MINUTES 


HOUR 

TRAFFIC 
(VEHICLES) 

PERCENTAGE  IN 
EACH  DIRECTION 

5  TO  6 

3,496 

70/30 

6  TO  7 

3,305 

70/30 

7  TO  8 

3.068 

78/22 

TRUCKS   3j  PER  CENT 

BUSSES    0 

SPEED  35T0  40MPH 


Figure  3. — Traffic  on  4-Lane  Road,  U.  S. 
Routes  1  and  9,  15.5  Mile.s  South  of 
Jersey  City,  N.  J. 

The  maximum  hourly  rate  for  a  5-minute  interval  was 
3,600,  the  total  traffic  for  the  hour  being  about  78  per 
cent  of  the  maximum  rate  based  on  a  5-minute  count. 
This  was  the  maximum  hourly  traffic  observed  on  any 
3-lane  road. 

Figure  3,  for  a  4-lane  road,  shows  a  maximum  hourly 
traffic  of  3,496,  while  the  maximum  rate  per  hour  for  a 
5-minute  interval  was  3,912,  the  actual  hourly  traffic 
being  about  89  per  cent  of  the  maximum  5-minute 
interval.  This  was  the  maximum  hourly  traffic  ob- 
served on  any  4-lane  road. 

In  the  analysis  of  the  data  to  determine  the  point  of 
incipient  congestion,  all  5-minute  counts  were  assem- 
bled without  regard  for  location  or  hour  of  day,  each 
count  being  treated  as  a  separate  statistical  unit. 
They  were  first  grouped  according  to  the  major  classi- 
fication of  2-lane,  3-lane,  and  4-lane  roads.  Each  of 
these  larger  groups  was  then  subdivided  according  to 
the  proportion  of  traffic  moving  in  each  direction,  viz., 
50  per  cent  in  one  direction  (approximately  eciual  in 
both  directions),  60  per  cent  in  one  direction  (40  per 
cent  in  the  opposite  direction),  70  per  cent  and  80  per 


cent  in  one  direction.  There  were  then  12  groups  into 
which  the  5-minute  counts  for  all  stations  were  divided, 
and  within  each  group  the  items  were  arranged  in  onhu- 
from  least  to  greatest.  These  were  i)lotted  as  shown  in 
Figures  4  to  7,  inclusive,  congestion  occurring  during 
any  part  of  any  5-minute  interval  being  indicated  in 
the  same  manner  as  in  Figui-es  1  to  3. 

The  point  where  traffic  congestion  first  appeared  was 
noted  in  each  case.  Thus,  in  Figure  4,  which  is  a  plot 
of  the  data  for  2-lane  roads  with  50  per  cent  of  the 
traffic  in  each  direction,  congestion  is  first  observed 
when  80  vehicles  pass  in  a  5-minute  interval.  The  fact 
that  no  congestion  was  reported  in  this  group  of  obser- 
vations for  any  number  less  than  80  nuide  it  unneces- 
sary to  plot  or  to  consider  furtlier  those  counts  indicating 
a  less  amount  of  traffic.     vSimilarly,  in  each  of  the  suc- 
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5-MINUTE  INTERVALS,  ARRAYED  IN  ORDER  OF  TRAFFIC  VOLUME 

Figure  4. — Determination  of  Traffic  Ca- 
pacity of  2-Lane  Roads,  50  Per  Cent  of 
Traffic  in  One   Direction 
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Figure  5. — Determination   of  Traffic  Capacity  of  2 
Lane  Roads,  60  Per  Cent  of  Traffic  in  One  Direction 
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ceeding  diagrams  no  consideration  was  given  to  the 
observations  that  recorded  traffic  insufficient  to  jiro- 
duce  the  first  instance  of  congestion. 

Tlie  critical  point  to  be  estabUshed  in  each  diagram 
is  the  point  at  which  congestion  becomes  general.  This 
can  most  easily  be  determined  by  inspection  of  the 
graphs,  which  show  in  nearly  every  case  a  fairly  definite 
and  sharp  transition  from  a  scattered  and  infrequent 
occurrence  of  congestion  to  a  condition  in  which  con- 
gestion is  usual  or  normal.  The  height  of  the  curve 
at  tliis  point  indicates  the  working  capacity  of  the  type 
of  highway  under  consideration. 

The  nature  of  the  data  appears  hardly  to  justify  a 
more  elaborate  or  refined  method  of  analyzing  the 
graphs  than  that  just  described.  As  a  check  upon  the 
reliability  of  the  inspection  method,  a  cumulative  con- 
gestion curve  was  plotted  on  each  diagram.  In  each 
case  the  break  in  the  trend  of  the  cumulative  curve, 
as  located  l)y  the  intersection  of  straight  lines  fitted 
to  the  separate  sections  oi  the  curve,  coincided  almost 
exactly  with  the  point  previously  located  by  inspection. 

It  will  be  seen  from  Figure  4  that  the  working  capac- 
ity of  two-lane  roads  with  50  per  cent  of  the  traffic  in 


290 
280 
270 
260 
250 
240 
230 
220 
210 
200 


^   '50 


/ 


z  < 
o  > 


0  10        20        30        iO       50        60        70        80        90       100       110       120 

5-M1NUTr   INTERVALS.  ARRAYED   IN  ORDER   OF  TRAFFIC   VOLUME 

Figure  6. — Determination  of  Traffic  Capacity  op 
3-Lane  Road.s,  70  Per  Cent  of  Traffic  in  One 
Direction 


each  direction  is  reached  at  90  vehicles  per  5-minute  in- 
terval. Beyond  this  point,  as  traffic  increases,  congestion 
becomes  general  for  nearly  all  5-minute  intervals. 

For  2-lane  roads  with  60  per  cent  of  the  traffic  in 
one  direction,  congestion  becomes  general  when  traffic 
exceeds  97  vehicles  per  5-minute  interval,  as  shown  in 
Figure  5.  When  the  proj^ortion  of  traffic  is  70  per  cent 
in  one  direction,  congestion  appears  to  become  general 
at  90  vehicles  ])er  5-minutc  interval,  and  with  80  ])er 
cent  in  one  direction,  trafiic  appears  congested  at  about 
105  vehicles  per  5-minute  interval. 

Figures  G  and  7  further  illustrate  the  method  of 
analysis  for  3-lane  roads  with  70  and  80  per  cent  of  tlie 
traffic,  respectively,  in  one  direction. 
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Figure  7. — Determination  of  Traffic  Capacity  of 
3-Lane  Roads,  80  Per  Cent  of  Traffic  in  One 
Direction 

The  evidence  brought  out  by  the  series  of  graphs  is 
summarized  in  Table  2,  showdng  apparent  traffic 
capacity  of  2-lane,  3-lane,  and  4-lane  roads  under 
differing  proportions  of  traffic  in  the  opposing  directions. 

The  values  given  for  practical  hourly  capacity  are 
based  on  the  5-minute  rate,  with  reasonable  allowance 
for  the  fact  (demonstrated  in  figs.  1  to  3)  that  the  maxi- 
mum rate  of  traffic  during  any  hour  is  rarely  sustained 
for  more  than  a  small  fraction  of  that  hour. 

From  Table  2  it  would  appear  that  the  efl'ect  of 
unbalanced  traffic  on  the  capacity  of  2-lane  roads  is  not 
marked  until  80  per  cent  of  the  traffic  is  in  one  direction. 
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Table  2. —  Working  capacity  of  2-lane,  S-lanc,  and  4-lane  high- 

V!ays 


Vehicles  per  S-minute  interval 

Number  of  lanes 

Percentage  of  traffic  in  one 
direction 

Aver- 
age 

Practical 

hourly 

capacity 

(vehicles) 

50 

60 

70 

80 

2                                  

90 

185 

■300 

97 

165 

'  300 

90 
195 

105 

97 
180 
290 

1,000 
2,000 
3,000 

3 

4                                      _           _   . 

290  1         '7(1 

'  Estimated. 

when  the  capacity  rises  considerably  above  tlic  average. 
On  a  3-lane  road  the  effect  is  not  so  definite,  but  the 
maximum  capacity  is  reached  when  about  70  per  cent 
of  the  traffic  is  in  one  direction. 

The  results  for  the  4-lanc  road  arc  even  less  con- 
clusive, as  there  was  no  congestion  noted  when  the 
traffic  was  50  or  60  per  cent  in  one  direction,  although 
as  many  as  273  vehicles  were  counted  during  one  5- 
minute  interval.  The  occasions  when  4-lane  roads 
were  seen  working  to  capacity  were  rare.  With  the 
traffic  70  per  cent  in  one  direction  congestion  was 
reported  when  290  vehicles  passed  in  five  minutes,  and 
when  the  traffic  was  80  per  cent  in  one  direction  con- 
gestion occurred  with  a  count  of  270  vehicles.  These 
figures  would  indicate  that,  as  the  traffic  becomes  more 
unbalanced,  the  4-lane  road  becomes  less  efficient. 

CONCLUSIONS 

The  influence  of  the  proportionate  amount  of  traffic 
in  one  direction  is  not  marked  on  2-lane  roads  until  the 
fraction  increases  to  80  per  cent  or  more,  when  a  greater 
volume  of  traffic  is  carried  without  congestion.  The 
average  worldng  capacity  for  2-lane  roads  is  approxi- 
mately 95  per  5-minute  interval,  or  1,000  per  hour. 

Three-lane  roads  appear  to  operate  to  slightly  better 
advantage  when  70  per  cent  of  the  traffic  is  in  one 
direction.  The  average  worldng  capacity  is  approxi- 
mately 180  per  5-minute  interval  or  2,000  per  hour. 

Four-lane  roads  (estimating  the  capacity  as  300 
vehicles  in  five  minutes  when  traffic  is  50  or  60  per  cent 
in  one  direction)  have  an  average  worldng  capacity  of 
290  vehicles  per  5-minute  interval. 

These  values  give  a  ratio  for  2-lane,  3-lane,  and  4-lane 
roads  of  approximately  1:2:3.  That  is,  the  traffic 
capacity  of  a  3-lane  road  is  twice  that  of  a  2-lane  road, 
and  the  4-lane  road  has  a  capacity  of  at  least  three 
times  that  of  the  2-lane  road  and  50  per  cent  greater 
than  that  of  the  3-lan('  road. 

The  addition  of  one  lane  to  a  2-lane  road  increases  its 
width  50  per  cent  and  its  capacity  100  per  cent.  Addi- 
tion of  two  lanes  increases  the  width  by  100  per  cent 
and  the  capacity  by  200  per  cent.  In  other  words, 
doubling  the  width  of  a  2-lane  highway  triples  its 
capacity. 

It  should  be  clearly  understood  and  emphasized  that 
this  study  relates  to  traffic  capacity  only.  No  consider- 
ation has  here  been  given  to  the  relative  safety  of  2-lane, 
3-lane,  and  4-lane  design  in  highways  under  varying 
volumes  of  traffic.  There  seems  to  be  very  general 
agreement  among  those  who  have  observed  the  opera- 
tion of  3-lane  roads  that  as  traffic  increases  the  hazards 
increase  in  a  greater  ratio  than  in  the  case  of  the  2-lane 
or  the  4-lane  roads,  but  this  conclusion  must  rest  tipon 
research  of  an  entirely  different  nature  from  that  here 
reported. 


Table  3. — List  of  stations  occupied  for  traffic  counts 

MARYLAND 


Name  of  road 


Baltimore- Washing- 
ton Blvd.,  U.  S. 
Route  1 

Do 

Do 

Do 


Location 


100  yds.  S.  of  S.  E. 
Branch,  Anaoostia. 

River,      Bladens- 

burg. 

College    Park    Ex- 
periment Station. 
1  mi.  N.  of  Laurel... 
S.  of  rd.  to  Dorscy.. 


Num- 
1  berofi 
lanes 


Date 


Baltimore-Philadel-  1   mi.   N.  of  Cono- 

phia   Rd.,    U.    S.  wingi). 
Route  1. 

Baltimore-Philadel-  I   mi.   N.   of  Ralti- 

phia  Rd.,  XL  S.  more  citv  line. 
Route  40. 


Do 

Do 

Baltimore-Annapolis 
Blvd. 
Do 


Harford  Rd 

Frederick  Rd 

Druid      Hill      Park 
Rd.,  Baltimore. 

Charles  St.  Ave 

Rcistertown  Rd 


Rhode  Island   Ave. 

Ext.,  Mt.  Rainier. 
Defense     Highway, 

U.  S.  Route  50. 


1  mi.  S.  of  Havre  de 
Grace. 

IM  mi.  N.  of  Balti- 
more citv  line. 

3  mi.  S.  of  Glen- 
burnie. 

Opposite  Brooklyn 
ball  park. 

10  mi.  N.  of  Balti- 
more. 

SJimi.E.ofEUicott 
City. 

Opposite  Flower 
Garden. 

2  mi.  S.  of  Towson.. 
1  mi.  W.  of  Balti- 
more city  lino. 

William  St 


Hours 


June  27, 1930     3  to  fi  p.  m. 
July    19,1930     11  a.m.  to  3  p.m. 
Aug.  27,  1930      3  to  6  p. 


2     June  20, 1930 


mi.  E.  of  rd.  to 
Landover. 


July  19,1931 
June  28,1930 
Aug.  30,1930 
Aug.  31,1930 
Sept.  1,1930 
June  29,1930 
July   23,1931 


July    18, 19.30 


July  fi,  1930 
July  8, 1931 
Aug.  19,1930 


Do. 

2  to  4  p.  m. 

3  to  6  p.  m. 
1  to  4  p.  m. 

4  to  7  I),  m. 

Do. 

3  to  fi  p.  m. 

4  to  6  p.  m. 


;  to  7  p.  m. 


2  t,o  .5  p.  m. 

3  to  fi  p.  in. 

4  to  B  p.  m. 


July  20,1930  1  to  4  p.  m. 

Aug.  24,1930  Do. 

July  17, 19,30  4  to  7  p.  m. 

Aug.  25, 1930  4  to  fi  p.  m. 

July  22,1931  i  Do. 

Aug.  12.  1931)  Do. 

July  15,1930  3  lofi  I),  m. 

Aug.  20, 1930  I  4  to  6  p.  m. 

Aug.  22,19.30  ;  Do. 

July  1,1931  j  2.45  to  5.45  p.  in. 

Aug.  17,1931  !  4  toG  p.  m. 


NEW  JERSEY 


White   Horse   Pike, 
U.S.  Route  30. 


Do. 
Do. 


Do 

Do 

Shore  Road,    U.    S 
Route  9 
Do 


Do 

South    Amboy- 
Eatontown     Ud., 
N.  J.  Route  35. 
Do - 

N.  J.  Route  33 

Point    Pleasant-Ea- 

toutown  Rd.  N.  J. 

Route  35. 
Atlantic  City-Pleas- 

antville  Rd.,U.  S. 

Route  40. 
Ocean  City  -  Cape 

May   Rd.,   N.   J. 

Route  4. 
Broad     St.,     U.     S. 

Route  130. 
Trentou-Jerscy  City 

Rd.,  U.S.  Route  1. 

Trentoii-Jer>(ev  City 
Rd.,  U.  S.  Routes 
9  and  1 . 

Jersey  ("itv-.^Ibany 
Rd.,  U.  S.  Route 
9W. 


4  mi.  E.  of  Haddon 
Heights. 

9  mi,  of  K.  of  Berlin 
lOmi.  W.  of  Atlantic 
City. 


7  mi.  W.  of  Atlantic 
City. 

6  mi.  W.  of  Atlantic 
City. 

1  mi.  S.  of  Wood- 
bridge. 

1  mi.  N.  of  South 
Amboy. 


1    mi.   S.   of  South 

.\mboy. 
5   mi.    S.   of  Soutli 

Amboy. 

1  mi.  N.  of  Katou- 
town. 

1  mi.  W.  of  Ocean 
Grove. 

1  mi.  S.  of  Eaton- 
town. 

H  mi.  W  of  Atlan- 
tic City. 

10  mi.  N.  of  Cape 
May. 

3  mi.  10.  of  Trenton - 

1  li  mi.  S.  of  Clover- 
leaf  intersection 
(Woodbridge). 

15.5  mi.  S.  of  Jer.sev 
City. 


2  mi.  S.  of  .\lpine 


July 
July 
July 
July 
July 
July 
July 
July 
July 
July 
Aug. 
Aug. 
Aug. 
Aug. 
Aug. 
July 


5. 1930 

4. 1931 
25, 1931 
18,1931 
12, 1930 
13, 1930 

13. 1930 
4,1931 

5  ,1931 

20. 1931 
9, 1931 

29, 1931 
30, 1931 

9. 1930 
10,1930 

5. 1931 


3     Sept.    6,1931 


July 
Aug. 


9, 1930 
7, 1930 


July    11,1931 


1,1931 

15. 1931 

4,1931 

5, 1931 

11.1931 

Aug.  14,1931 

July    12.1931 


.Aug. 
Aug. 
Sept. 
Sept. 
Aug. 


July  11,1930 
Aug.  8, 1930 
July    10,1931 


July     9, 1931 
July   27,1931 

Aug.     8,1931 


Sept.    1,1931 
July    14,  1931 


Aug.  2,1931 
Aug.  Ifi,  1931 
Sejit.  5,  1931 
Sept.  7,1931 
July  15, 1931 
July  16,1931 
July  31.  1931 
Aug.  13,1931 


fi  to  8  p.  m. 
10a.  m.  to  1.  p.  m. 

4  to  6  p.  m. 

Do. 
3  to  6  p.  m. 
10  a.m.  to  1  p.  m. 
3  to  6  p.  m. 

5  to  8.30  p.  m. 
5  to  9  p.  m. 
4.30  to  8. .30  ri.  m. 
5  to  8.30  p.  m. 

3  to  6  p.  m. 
fi  to  9  p.m. 

4  to  fi  p.  m. 

4  to  8  p.  m. 
10.15  a.  m.  to  1..30 

p.  m. 

5  to  8  p.  m. 

4  to  B  p.  m. 

4  to  8  p.  ra. 
3  to  7  p.  m. 

2  to  6.30  p.  m. 

3  to  7  p.  m. 

5  to  8  p.  m. 
fi  to8p.  m. 
5  to  7  p.  m. 

4  to  7  p.  m. 

Do. 


3  to  6  p.  ni. 

4  to  G  p.  m. 

Do. 


3  to  B  p.  m. 

2  to  5  p.  m. 

3  to  fi  p  .m. 


5  to  7  p.  m. 
3  to  5  p.  m. 


5  to  8.20  p.  m. 
3  to  8  p.  m. 
3  to  5  p.  m. 
5  to  8  p.  in. 
5.15  to  9  p.  III. 
8  to  10  p.  m. 
5  1 0  8  p.  m . 
fi  to  8  p.  m. 
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Table  3. — List  nf  stations  occupied  for  traffic  cniinis — Continued 
NEW  JKRSEY— Continued  NEW  YORK 


Name  of  roiid 


We.stfield  -  Dunellen 
Rd.,U.S.  Route  22 

Sonierville-N.  Plain- 
field  Rd.,  N.  J. 
Route  29. 

Dover-Denville  Rd., 
N.  J.  Route  6. 


Location 


Num- 
ber of 
lanes 


1  mi.  W.  of  West 
field. 

1  mi.  N.  of  North  I 
Plainfield. 

1  mi.  E.  of  Dover. .- 


Date 


July   10,1930 
July    13,1931 
3  i  Julv    17,1931 


Aug.  12.1931 


Hours 


3  to  6  p.  m. 
5  to  7  p.  m. 

4  to  6  p.  m. 


Do. 


PENNSYLVANIA 


Baltimore-Philadel- 

1 mi.  S.  of  riifton 

2 

Julv 

1. 1930 

3  to  6  p.  m. 

phia    Rd.,    U.    S. 

Heights. 

Aug. 

3. 1931 

6  to  9  p.  m. 

Route  1. 

Do 

Memorial  Bridge.  3 
mi.  S.  of  Swarth- 

2 

July 

2, 1931 

4.20  to  8  p.  ni. 

more. 

Roosevelt  Blvd.,  V. 

S.  of  Frankfort  .\ve. 

3 

Julv 

3, 1930 

3  to  6  p.  m. 

S.  Route  1. 

Aug. 

23,  J  931 

3  to  5  p.  ni. 

Do 

N.  of  Vankirk  St..-. 

3 

Aug. 

28, 1931 

4  to  6  p.  m. 

Philadelphia-Trenton 

I  mi.  N.  of  Philadel- 

2 

Aug. 

17, 1931 

3  to  5  p.  ra. 

Rd.U.S.  Route  1. 

phia  (itv  line. 

Aug. 

22,  1931 

3  to  6  p.  ni. 

Do 

4  mi.  S.  of  Trenton-. 

2 

Sept. 

2,1931 

4  to  6  p.  m. 

River  Drive,  Phila- 

Fairmount    Park- 

3 

Julv 

2, 1930 

3  to  fi  p.  ni. 

delphi;i. 

Ormiston  Valley. 

Julv 

3,  1931 

Do. 

July 

28,  1931 

4.30  to  6..30  p.  m. 

.\.ug. 

27, 1931 

3  to  6  p.  m. 

Citv  .\ve..  Philadel- 

AV.    of     Seluivlkill 

n 

Julv 

5. 1930 

1  to  4  p.  m. 

phia,  11.  S.  Route  1. 

River. 

Julv 

6, 1931 

3  to  5  p.  m. 

Julv 

24.  1931 

3  to()..30p.  m. 

Aug. 

24,  1931 

4  to  6  p.  m. 

Old  York  Rd.,  V.  S. 

2  mi.  S.  of  Willow 

o 

Julv 

4, 1930 

2  to  6  p.  m. 

Route  611. 

Grove. 

Julv 

29,  1931 

4  to  (J  p.  m. 

Susquehanna  Trail, 

3  mi.  N.  of  Harris- 

3 

June 

30, 1930 

3  to  6  p.  m. 

U.  S.  Route  22. 

burg. 

Aug. 

25, 1931 

3  to  4  p.  m. 

CONNECTICUT 


Boston  Post  Rd.,  1 
S.  Route  1. 
Do 


Greenwich. 


Washington  Bridge 
Milford  town  line. 
Do '  Hmi.W.  of  Milford. 


New  Haven  Ave. .. 
U.  S.  Routes 


Woodmont 

S.  of  Hartford  city 
line. 


4  Aug.  fi.  1930 

4  '  July  27. 1930 

2  !  Julv  25, 19.30 

I  Aug.  5, 1930 

2  Julv  20,1930 

2  July  28.1930 


4  to  6  p.  m. 

4  to  8  p.  m. 

4  to  7  p.  m. 

Do. 
1  to  4  p.  m. 
4  to  6  p.  m. 


U.S.  Route  9W H   mi.   S.   of  West 

Point. 

X-T.  S.  Route  9 1  mi.  N.  of  Tarry- 
town. 


July    22, 1930  I  4  to  6  p.  m. 
July    24, 1930  j  3  to  6  p.  m. 


MASSACHUSETTS 


Name  of  road 

Location 

Num- 
ber of 
lanes 

Date 

Hours 

U.  S.  Route  1 

Massachu.setts  3.^ . . . 

U.  S.  Route  20 

1  mi.  N.  of  Dedham, 
4  mi.  E.  of  Quincy.. 

1  mi.  W.  of  South 
Sudbury. 

2 

4 

2 

Aug.     1, 1930 
Aug.     2, 1930 
Aug.     3, 1930 
July   31, 1930 

4  to  7  p.  m. 
Do. 
Do. 
Do. 

VIRGINIA 


Washington-Alex- 
andria Rd.,  U.  S. 
Route  1. 


2  mi.  N.  of  Alexan- 
dria. 


2     Aug.    16,1930     2  to  5  p.  m. 


CORRECTION 

In  the  April  issue  of  Public  Roads  there  was  printed, 
on  page  40,  a  table  entitled  "  Motor- vehicle  registra- 
tion fees,  licenses,  permits,  fines,  etc.,  1931."  It  has 
been  found  necessary  to  revise  the  figure  given  in  the 
last  column  of  this  table  for  the  District  of  Columbia, 
and  the  resulting  grand  total.  The  correct  figures 
are  as  follows: 

Disposition  of  gross  receipts 

For  other 
purposes 

District  of  Columbia $483,  900 

Grand  total 11,  297,  175 
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CONCRETE  PAVEMENT  DESIGN  FEATURES,  1931 

Reported  by  R.  D.  BROWN,  Senior  Highway  Engineer.  Division  of  Design,  U.  S.  Bureau  of  Public  Roads 


OF  THE  total  of  88,713  miles  of  roads  improved 
with  Federal  aid  up  to  June  30,  1931,  28,009 
miles  were  paved  with  Portland  cement  concrete. 
This  represents  the  g^reatest  mileage  of  any  type  of 
improvement  or  group  of  related  types  except'untreated 
gravel,  of  which  28,640  miles  have  been  constructed. 
The  proportion  of  concrete  pavement  to  othei-  types 
constructed  with  Federal  aid  during  the  calendar  year 
1931  is  even  greater,  clearly  indicating  the  increasing 
importance  of  concrete  pavement. 


location  of  steel,  and  charact(>r  and  location  of  joints. 

A  study  of  concrete  pavement  designs  submitted  by 
the  several  States  during  1931  for  use  on  Federal-aid 
projects  has  been  made;  and  in  order  to  facilitate  com- 
parison of  the  different  State  designs  and  also  compari- 
son with  earlier  studies,'  the  attached  tabh^  luis  been 
prepared. 

The  data  presented  in  the  ta})le  covei-  tlu^  designs  for 
only  43  States,  since  f)  States  either  did  not-  sid)init  any 
projects  dm-ing  1931  involving  the  construction  of  coii- 


9  OR  10 


9  OR  10 


J 


LONGITUDINAL  JOINT,  DEFORMED   METAL  PLATE, 
BITUMINOUS  IMPRESSED, OR  DUMMY  JOINT. 


9  OR  10 


9  OR  10 


REINFORCING,  BAR  MAT  OR  MESH   PLACED 
CROWN    r'T0  2"     2".2?"0R3"FR0MT0P 

fc'iei'oR  7"  (  2"to3'^  Y 


-2  TO  3 


r  "^  I  u  o  (^^,102  UK  /  /  2   1 


|V      -jDEPTH^l 


EDGE  BApi'V  OILED 
OR  PAINTED 


>';6g  OR  7"^ 


g313 


2    ►< 

3' ►■• 

A'  ►-. 


7  OR  8' 
6' OR  7' 
5' OR  6' 


TYPICAL  PLAIN    CONCRETE  PAVEMENT 

ADDITIONAL  EDGE   BAR  SOMETIMES  PLACED  6"FR0M 

CENTER  JOINT  AND  AT  -g- DEPTH. 

IN  A  FEW  CASES  2  BARS  ARE  USED  IN  OUTER  EDGES 

PLACED   APPROXIMATELY  3  AND  3  DEPTH. 


.      TYPICAL  REINFORCED  CONCRETE  PAVEMENT 

EDGE  BARS  USED  IN  PLAIN   CONCRETE  DESIGN  COMMONLY 
RETAINED  IN  REINFORCED   DESIGN  AND  END  BARS  ADDED. 
"hAIR-PIn"anD  RIGHT  ANGLE  CORNER  BARS  FREQUENTLY 
ADDED. 


9  OR  10 


crown:  CIRCULAR  OR  PARABOLIC  j      r&" 

^,  EDGE  BARS,  ^SUBGRADE:   CIRCULAR  OR 

^i"*TO|:"*   SMOOTH  PARABOLIC 

DOUBLE  CURVED   SECTION 
USED  FOR  PLAIN   OR  REINFORCED' PAVEMENT 


8"T0  Io" 


EH^Q 


■^(*T0  f*   SMOOTH 


SUB6RADE:  STRAIGHT 


DOUBLE  PLANE  SECTION 
USED  FOR  PLAIN  OR  REINFORCED   PAVEMENT 


T7" 
9 


T^ 


LONGITUDINAL  WEAKENED  PLANE 


■^ 


^ 


TYPICAL  SECTION    USED   IN    MISSOURI  TYPICAL  SECTION    USED    IN   CALIFORNIA 

I'^HiCHF.  1, — Typical  (Jkcss-Section   De-signs 


Considerable  progress  has  been  made  in  the  past  few 
years  toward  standardization  of  the  design  of  concrete 
pavements.  Further  progress  in  this  direction  is  pos- 
sible in  spite  of  the  acknowledged  fact  that  complete 
uniformity  of  design  is  impracticable  because  of  varied 
conditions  of  climate,  subgrade,  and  loading  in  the 
various  States.  Starting  with  only  a  vague  understand- 
ing of  the  structural  requirements  of  cement  concrete 
as  a  pavement  material,  intensive  research  and  obser- 
vation of  the  earlier  designs  has  pointed  the  way  to 
rational  methods  of  design  affecting  not  only  the  shape 
of  the  pavement  cross  section  and  its  dimensions  but  also 
the  proportions  of  cement  and  aggregates,  amount  and 


Crete  pavements  or  submitted  so  small  an  amount  of 
such  work  as  to  be  of  little  value  in  determining  their 
typical  practice. 

One  important  fact  brought  out  by  the  study  is  the 
practically  complete  acceptance  of  the  9-foot  traffic  lane 
as  a  mininumi  width.  Highway  engineers  are  almost 
unanimously  agreed  upon  the  desirability  of  the  10-foot 
traffic  lane  and  in  20  States  it  is  the  staiulard  width. 
Twenty-two  States  continue  to  build  2-lane  roads,  IS 
feet  wide,  but  in  all  except  seven  of  these  States  20-foot 
pavements  are  used  on  their  more  important  routes. 

'  Public-  Roads,  vol.  8,  :^o.  1,  March,  1927,  and  vol,  10,  No.  5,  July,  1923. 
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In  all  cases  where  pavements  of  more  than  two  lanes 
are  built,  the  width  is  a  multiple  of  10  feet. 

In  the  matter  of  depth  of  pavement  it  is  found  that 
pavements  of  uniform  depth  are  still  constructed  to 
some  extent,  particularly  in  the  northeastern  States 
and  in  connection  with  rather  heavy  steel  reinforce- 
ment. Although  there  is  no  question  that  these  designs 
have  proved  adequate  as  to  strength  there  would  appear 
to  be  grounds  to  warrant  doubt  as  to  the  economy  of 
the  design.  The  edge  thickness  most  commonly  used  on 
thickened  edge  designs  is  9  inches,  although  nine  States 
use  an  edge  thickness  of  8  inches,  one  7%  inches,  two  7 
inches,  and  one  State  occasionally  uses  a  6-inch  uniform 
depth.  Ordy  two  States  use  a  double-thickened  section. 
Seventeen  States  use  a  6-inch  center  depth  either  as  a 
standard  design  or  for  their  less  important  roads.  Five 
States  us  a  6K-inch  center  depth,  eighteen  use  7  inches, 
and  no  State  uses  more  than  7  inches  at  the  center 
except  those  which  use  the  double-thickened  section  or 
uniform  S-inch  or  9-inch  pavements. 


'  1 

T'1 

-  s'- 

^9'-. 

-lo' . 

i 

,. 

1 

.01  04    .09        16         25       36       .^,9       .64      .81       100 

TRUE   ORDINATES 


PRACTICABLE  0RDINATE5 

FiGXTRE  2. — Diagram  Showing  True  Ordinates  for  Para- 
bolic Crown  of  1  Inch  in  10  Feet  and  Practicable 
Ordinates  for  Both  Crown   and  Subgrade 

The  use  of  a  curved  subgrade,  Tisually  parabolic,  in 
connection  with  thickened  edge  designs,  has  become  a 
more  general  practice  in  the  past  few  years  because  of 
the  greater  ease  with  which  a  subgrade  of  this  shape  is 
prepared  and  properly  compacted  as  compared  with 
the  angular-shaped  subgrade.  Ten  States  now  use  the 
curved  subgrade  with  thickened  edge  designs.  One 
State  uses  a  2-plane  subgrade,  the  pavement  depth 
increasing  uniformly  from  the  center  to  the  edges.  The 
transition  distance  between  edge  and  center  depth  in 
other  designs  varies  from  2  feet  to  4  feet.  One  State 
uses  a  uniform  edge  depth  for  the  outer  2  feet  of  width, 
reducing  the  thickness  in  the  next  2  feet  to  tlie  center 
depth. 

The  reduction  in  the  amount  of  crown  used  in  con- 
crete pavements  in  the  past  five  years  is  notable.  In 
1926  only  two  States  used  a  crown  as  low  as  1  inch  for 
a  20-foot  pavement  and  only  three  used  1  inch  for  an 
IS-foot  pavement.  In  1931,"  14  States  regularly  used  a 
1-inch  crown  for  a  20-foot  pavement  andonly  "four  use 
as  much  as  2  inches.  The  crown  shape  "is  usually 
parabolic  or  circular  although  there  is  no  apparent 
advantage  in  this  shape  over  a  straight  oi-  uniform 
slope.  In  case  a  two-lane  pavement  with  parabolic 
crown  is  t()  be  widened  by  building  an  additional  lane 
on  either  side  it  will  be  found  that  this  crown  shape  is 
objectional)le  because  it  produces  a  break  in  the  pave- 
ment slope  at  the  edge  of  the  old  pavement  unless  an 


Z    PER  FT, 


Fkh're  3. — Lip  or  Sloping  Curb   Designs 

unnecessarily  heavy  crown  is  used  on  the  new  outer 
lanes. 

On  4-lane  pavements  a  parabolic  crown  produces  an 
excessive  slope  in  the  outer  lanes  and  a  straight  crown 
is  much  to  be  preferred.  A  crown  of  3  or  3K  inches  for 
a  40-foot  pavement  is  adequate  for  all  ordinary  condi- 
tions. Of  this  total  crown  1  to  Iji  inches  may  be  used 
on  the  inner  10-foot  lane  and  2  inches  in  the  outer 
lane.  On  the  Moimt  Vernon  Memorial  Highway  the 
normal  width  of  pavement  is  40  feet,  the  center  18  feet 
of  which  is  crowned  to  conform  to  the  arc  of  a  circle 
with  a  rise  of  1  inch  in  9  feet.  The  outer  lanes  are  11 
feet  wide,  the  crown  being  straight  and  having  a  rise 
of  2)^  inches.  This  crown  treatment  gives  a  pleasing 
appearance  and  lends  itself  readily  to  future  widening 
of  the  pavement. 

In  recognition  of  the  public  demand  for  smooth  rid- 
ing qualities  and  also  with  a  view  to  reducing  impact 
stresses,  the  surface  trueness  requirement  has  been  set 
at  not  more  than  ?s-inch  variation  in  10  feet  in  11 
States.  With  machine  methods  of  finishing  and  reason- 
ably close  attention  to  finishing  details  there  does  not 
appear  to  be  any  difficulty  in  meeting  this  requirement. 
It  is  anticipated  that  many  of  the  States  which  now 
permit  a  variation  of  }4-inch  in  10  feet  will  soon  adopt  a 
more  stringent  requirement. 

Steel  has  been  used  as  a  reinforcing  element  in  cement 
concrete  for  buildings,  bridges,  and  other  structures  for 
a  long  time  and  quite  definite  design  requirements  for 
such  structures  have  been  established.  A  concrete 
pavement,  however,  presents  conditions  considerably 
at  variance  with  such  structures.  The  pavement  slab 
receives  more  or  less  continuous  support  from  the  sub- 
grade  but  frictional  stresses  and  volumetric  changes  in 
the  subgrade  introduce  variable  tensile  stresses  indi- 
cating the  use  of  steel.  In  detennining  the  classification 
of  the  various  pavement  designs  as  between  reinforced 
and  plain,  it  was  considered  that  a  reinforced  pavement 
is  one  in  which  the  steel  is  used  as  a  network  bonded 
with  the  concrete  and  distributed  generall}^  throughout 
the  slab.    Marginal  bars,  end  bars,  and  corner  bars  when 
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used  alone  are  not  considered  as  reinforcement  but  when 
used  in  addition  to  a  bar  mat  or  mesh  reinforcement  theii- 
weight  is  included  in  the  tabular  data  as  reinforcement. 
Reinforcement  is  most  commonly  placed  2  inches 
from  the  top  of  the  pavement.  Two  of  the  New  Eng- 
land States,  however,  place  the  reinforcement  2  inches 
from  the  bottom  and  two  other  New  England  States 
use  double  reinforcement;  that  is,  in  both  the  top  and 
the  bottom  of  the  pavement.    The  severe  climatic  con- 
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Figure  4. — ^Typical   Bar   Mat  for   Reinforced  Pavement; 
Bars  }i  to  %  Inch  Round,  Welded,  Cmpped,  or  Wired  at 


All  Points    of    Intersection;    Mats    Lapped 
Inches 


12    to    14 


ditions  in  these  States  are  undoubtedly  accountable  foi- 
these  departures  from  the  general  practice.  Fifteen 
vStates  used  reinforced  designs  exclusively,  while  eight 
others  used  the  reinforced  design  only  on  certain  pro- 
jects. The  iise  of  reinforcement  is  not  confined  to  any 
geographical  area,  but  most  of  the  States  using  this 
design  are  in  the  area  where  frost  conditions  are  rather 
severe.  The  smallest  amount  of  steel  used  in  reinforced 
designs  is  25  pounds  per  100  square  feet  and  the  maxi- 
mum is  119  pounds.  There  is  a  noticeable  tendency 
toward  the  use  of  reinforcement  for  crack  control. 
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Figure  5. — Design  of  Semireinforced  Slab 

In  the  28  States  submitting  plain  concrete  pavement 
designs,  13  used  varying  amounts  of  steel  in  the  form 
of  edge  bars,  end  bars,  and  corner  bars.  In  some  oases 
the  amount  of  steel  so  used  exceeds  the  amount  used 
in  reinforced  designs  in  other  States. 

The  use  of  the  longitudinal  joint  is  the  most  uni- 
versally accepted  feature  of  concrete  pavement  design. 
Only  two  States  now  build  two  lane  pavements  without 
longitudinal  joints.  A  few  years  ago  it  was  the  standard 
practice  to  use  a  deformed  metal  plate  in  the  longi- 
tudinal joint  but  the  dummy  joint  or  bituminous 
imjDressed  joint  is  now  permitted  as  an  alternate  with 
the  steel  plate  in  17  States  and  is  used  exclusively  in  four 


GROOVE  TO   BE  FILI  ED  WITH 
BITUMINOUS  JOINT  FILI  tR 


TRANSVERSE  OR  LONGITUDINAL  WE AKENED  PLANE 
EDGES  FINISHED  TO  ;"radiUS 


PREMOLDEn    BITUMINOUS   FILLER 


l=T    TO   2^ 


DEPTH 
OF 
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LONGnilDINAL  OR  TRANGVERSE  BITUMINOUS  IMPRESSED  JOlNI 


LONGITUDINAL  WEAKENED  PLANE  USED  IN  CALIFORNIA 

Figure    6. — Typical    Designs    of  Weakened    Plane    or 
Dummy  Joint 

other  States.  In  four  States  the  longitudinal  joint  is  a 
simple  expansion  joint  without  tie  bars  or  dowels.  Five 
States  use  a  construction  joint  with  or  without  tie  bars 
and  11  States  still  specify  the  deformed  metal  sojiarator. 

The  practice  with  reference  to  transverse  joints  con- 
tinues to  vary  greatly  among  the  States,  but  tliere  is  a 
definite  trend  toward  the  Tise  of  expansion  joints  and 
the  use  of  intermediate  dummy  contraction  joints. 
Two  States  use  wide  expansion  joints,  8  inches  and  4 
inches,  spaced  at  wide  intervals,  and  four  States  do 
not  provide  for  any  transverse  joints  except  necessary 
construction  joints  when  the  mixer  is  stopped  for  30 
minutes  or  more.  The  majority  of  the  States  Tise  slip 
dowels  across  the  expansion  joints,  l^ut  no  dowels  or 
tie  bars  across  transverse  dummy  j(nnts.  Twenty 
States  permit  the  use  of  either  premolded  expansion 
joint  material  or  a  poured  mastic,  at  the  option  of  the 
contractor.  Four  States  specify  a  poured  mastic  and 
15  specify  premolded  material. 

No  attempt  was  made  to  tabulate  data  with  relVrcTice 
to  the  mix  proportions  of  the  concrete  used  in  the  sev- 
eral States  for  the  reason  that  no  simple  and  satisfac- 
tory basis  of  comparison  has  been  established.  Begin- 
ning with  the  construction  season  of  1930  it  has  been 
required  that  weight  batching  of  aggregates  he  used  on 
Federal-aid  projects.  In  some  States  vohuuetric  pi'o- 
portions  are  converted  directly  to  batch  weights  for  the 
job  aggregates  but  the  pi'inciples  of  a  designed  mix  are 
more  commonly  used.  It  is  believed  that  the  recjuire- 
ment  of  weight  batching  is  well  justified  as  it  produce.'-- 
more  uniform  concrete  at  no  increase  in  cost  and  in  the 
States  which  have  adojited  the  principle  of  a  designed 
mix  considerable  economy  has  resulted  from  reduction 
in  the  cement  content  while  maintaining  high  strength. 
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GENERAL  FEATURES  OF  DESIGN  OF  CROSS  SECTION  OF  CONCRETE  PAVEMENTS  ON  FEDERAL-AID  PROJECTS 

SUBMITTED  IN  1931 


state 


.\labama. 


Arizona. . 
Arkansas. 


California 

Clolorado 
Connectic  11 

Pelaware.     . 

Florida.. 
Georgia . 

Illinois..   -   - 

Indiana...   . 

Iowa - 

Kansas . 


KentiiclvV- 
Lowisiana . 
.Maine 


Maryland 


Massachusetts 


Michigan. . 
Minnesota - 
Missi.ssippl- 
Missouri- . 


Nebraska     

New  Hampshire. 

New  Jersey 


New  York. 


North  Carolina. 

North  Dakota.. 
Ohio 


Oklahoma 

Oregon 

Pennsylvania. 


Rhode  Island -.- 
South  Carolina- 
South  Dakota. - 


Tennessee 
Te.\as 


rtah 

\'ermont .    

Virginia 

Washington... 

West  Virginia. 
Wisconsin 


Width 


Feet 
18,20 

18 
18,20 

20 

18.20 
20 

r    18 

I  20 
20 
20 

f  18 
1       20 

18,20 
18 

18,20 

r     18 

20 

r     IS 

I  20 
20 
16 
18 
20 
20 
30 
40 
20 
20 
20 
20 

20 
20 

20,40 
20 


20 
20 

20 

20 

18,20 

20,40 

18,20 

20 

18,20 
18,20 

18,20 
18 
18 


Thickness 


Edge 


Cen- 
ter 


Edge 


Inches'Inches  Inches 
9 


W 


(') 


fiUi 


7 
7 

fi 

fi 

7 


6!.{> 


fi 
7 
6 
6H 


6H 


10 
9 
9 

8 

7!; 
9 

8 
9 


Width  of 

thickened 

edge,  in 

feet 


2 

Curved. 


Curved. . 


Parabolic 

...do 

4 


Parabolic 


Curved. 

4 

2 


4 

3 

Curved. 


Parabolic 
4 


Parabolic 
4 


Curved... 


Crown 


Inches 


m 

1V4,  circular. 


U>,  parabolic. 
1,  circular 


Maxi- 
mum 
surface 
varia- 
tion in 
10  feet 


>1H  to  2.... 

IV^ 

m 

1,  circular. 

do 

IM... 


lU,  2}} 

I'i,  straight. 

Ui 

1 


U4. 


1,  parabolic. 

m 

1,  parabolic. 


1','.,  4!-;. 

lU 

lU 


1,  circular. 


1,  straight. 
1.01 


1,  straight... 

1,  parabolic. 
..--do 


Inches 


1,  parabolic-  - 

1 

1 

1,  parabolic... 
114,  parabolic. 

11,'. 

1 

H^ 

m 

21/j. 

374- 
I '/. . 
1 

l'.-. 

I'?,  parabolic. 

...do - 


21/, 1 

[m I 


steel  in  reinforced  type 


Bars, 
pounds 
per  100 
sq.  ft. 


Mesh, 

pounds 

per  100 

sq.  ft. 


41  or  49 


79.41  I     70.22 


103 
60 


49 


83 
78.8 


48.3 
51.8 


40  to  44 


60 


48.8 


0.5.8 
78 

81.1 


57 
51.4 


46 
45 
"64.7" 


43 
58 


Location 


3  ins.  from  top;  two  H-\n.  round 
edge  bars. 


2!.'>   ins.    from   top;   four   j^-in. 
round  edge  bars. 


2  ins.  from  bottom  ■ 


Steel  in  plain  typo 


^%  ins.  from  top-- -. 

2  ins.  from  top;  edge  bars. 


2  ins.  from  toji 

IH  ins.  from  top  an;!  bottom . 


2  ins.  from  bottom. 
2  ins.  from  top 


2  ins.  from  top;  edge  bars. 


21/2  ins.  from  top. 
2  ins.  from  top 

do 


Two  H-in.  edge  bars;  dowels. 

None. 

Four    H-in.    round    edge    bars; 

dowels. 
Four    H-in.    square    edge    bars; 

end  bars. 
None. 


Dowels  only. 

Do. 

Do. 
Two  ?4-iH.  edge  bars;  dowels. 
Two  ''■i-'m.  edge  bars;  dowels. 
Two  ?4-in.  edge  bars;  dowels. 

Two  ?i-in.  edge  bars;  5i-in.  end 

bars. 
Dowels  only. 
Two  94-in.  edge  bars. 

Dowels  only. 


None. 


2)-i  ins.  from  top. 


2  ins.  from  top. 
-...do 


3  ins.  from  top. 


2  ins.  from  top;  corner  bars. 
2  ins.  from  top;  end  bars 


21/5  ins.  from  top;  edge  and  end 
bars. 


2  ins.  from  top  and  bottom . 


2  ins.  from  top. 
do 


Six  Ji-in.  edge  bars;  end  bars. 
Six  H-m.  edge  bars;  dowels. 
Four   ■■54-in.   edge   bars;   dowels; 
end  bars. 


Dowels  only. 


Two    ^4-in.    round    edge    bars; 
dowels. 

Dowels  only. 

Six  ^A-in.  round  edge  bars;  end 
and  corner  bars;  dowels. 

Dowels  only. 


Dowels  only. 

Four  \i-\n.  round  edge  bars;  end 

and  corner  bars. 
Dowels  only. 

None. 
Dowels  only. 

Dowels  only. 


1  Two  9-fi-9-inch  sections,  9  feet  wide. 
'  Two  9-7-9-inch  sections,  10  feet  wide. 
'  One  panel  (5  feet  2  inches  wide)  of  reinforcement  placed 
'  Six-inch  uniform  section  with  stone  aggregate  correspon 
section  with  gravel  aggregate. 
5  In  10  feet. 


2  inches  from  top,  adjacent  to  transverse  joint  on  each  side, 
ds  to  8-6-8-inch  section  with  gravel  aggregate;  8-6-8-inch  section  with  stone  aggregate  corresponds  to  8-7-8-iuch 
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Alabama--. 
Arizona 

Arkansas- . 
California- 


Colorado 

Connectifiit- 


Delaware- 
Florida--- 
Ocorgia--- 

lllinois 

Indiana.- - 


Iowa. 


Kansas - 


Kentuoky- 
Louisiana.. 


Maine 

Maryland 

Massachusetts - 

Michigan 

Minnesota 


Mississippi - 


Missou^i_ 


Nebraska- 


New  Hampshire- 
New  Jersey 

New  York -. 

North  Carolina.. 
North  Dakota. -- 


Ohio- 


{ Steel  plate. 
or 
Bituminous  im- 
pressed. 
Expansion,  pre- 

molded. 
Steel  plate 


Longitudinal  joints 


Type 


[Dummy    joint 
Dummy  joint... 


-..-do 

Expansion - 


ISteel  plate   .-- 

(Dummy  joint- 
Steel  plate 


do. 

ilo. 

do. 


(Steel  plate 

1  or 

(Dummy  joint... 

(Steel    i)late. 
Bituminous 

\    imiiressert 
or 
Dummy  joint.. 

Steel  Dlate  

.---do 


Construction-- - 
Bituminous  im- 
pressed; 
or 
Dummy  joint- - 
Construction,.  _ 


Gage,  or 

width,  in 

inches 


16g 

?.i  hy  m 


ir,  g. 


ir,  g--.. 

ISg-    -- 

10  p 

ISg.--- 


Tie  bars 


Jj-in.  round,  deformed, 

.5  ft.  e.  to  c. 
None -- 


None. 


l!4-in.  round,  deformed, 
■.")  ft.  c.  to  c. 

End  bars  only ... 


None. 
None. 


(M 

Jshy  23:J_ 


U-in,  round,  :i  ft.,  3  ins. 
■    0.  to  c. 

J4-in.  round,  deformed, 

4  ft.  long,  .^1  ft.  c.  to  c. 
J^-in.  round,  deformed, 

4  ft.  long,  4  ft.  c.  too. 
H-iii.  round,  deformed, 

4  ft.  long,  .5  ft.  c.  to  c. 
J^-in.  round,  deformed, 

4  ft.  long,  5  ft.  c.  to  c. 

l^-in.  round,  .smooth,  11 
f    ft.  long,  3  ft.  c.  to  c. 


li.'2-in.  round,  deformed, 
f    4  ft.  long.  .1  ft.  c.  to  c. 


Transverse  joints 


Type 


■Expansion - 


.do- 
-do- 


Expansion     with 
iluinmy  joint.2 

Expansion 

do... 


1()K- 
Ifig. 


-do 
-do. 


ISteel  plate 

(Dummy  joint, 

ISteel  plate 

I           or 
(Dummy  joint- 
I  Steel  plate 


Bituminous  im- 
pressed. 
{Steel  plate 
or 
Bituminous  im- 
pressed. 
Steel  plate 


Bituminous  im- 
pressed . 
Construction 


Expansion... 
Constructiou- 


None 

Steel  plate. 


[Dummyjoint. 
ISteel  plate 


Dummyjoint. 
Steel  plate 


Oklahoma.     .. 

j  (Dummy  joint- 
Oregon '  Steel  plate- 


(Steel  plate 

Pennsylvania <  or 

UDummy  joint- 
Rhode  Island Expansion 


} «  by  2H  - 


Ifig- 
ifig.' 


18g 

58by2i^. 
16g 

18g 

3..^  by  2)2-- 


South  Carolina - 
South  Dakota.. 


Steel  plate  ' 
do 


16  g- 
14"g- 

ISg- 
14  g. 


16  g.  to  18 
g. 

18  g 


None 

None.  --- 

i-i-in.  square,  deformed, 
"4  ft.  long,  5  ft.  c.  to  c. 

'4-in.  round,  4  ft.  long, 
20  ins.  c.  to  c. 

l4-m.  round,  deformed, 
i    4  ft.  long,  5  ft.  0.  to  c. 

3^-in.  round,  deformed, 
4  ft.  long,  5ft.  c.  toe. 


.do. 


^-in.  round,  smooth,  12 
ft.  long,  3ft.  c.  toe. 

5^-in.   round,  deformed, 

4ft.long,  3ft.  c.  toe. 
None.-- 


None- 


dn 

..   -do.- 

...do 

---.do. -- 

Conslnntion- 

Exi)ansion  '.. 


Spacing  to 

nearest 

even  foot, 

in  feet 


'  ran. 

\40- 


Width 


Inches 


Filler 


80  to  8,'j. 

1 
40 

.'iO 

800  to  1,000 

Necessary. 

40,  no,  80-. 


1  Poured  or  pre- 
/    molded. 


1       Premolded... 
',1    Poured 

I'i   Premolded... 

1^ do 

}i.  Poured  or  pre- 
molded. 

?4    Premolded     . 

5i   Poured  or  pre- 
molded. 
H    .-..do 

Poured 


Dowels 


Expansion  with 
duniniy  joint. ^ 


Construction.. 
Dummy  joint- 


Expansion...   ... 

Bituminous  im- 
pressed, or  dum- 
my joint. 

Ex])ansiou 


,  ,/  ,/  fPoured  or  pre- 
'■'•'•^n    molded. 


Necessary.;. 
40  to  no....!. 


Expansion 

Expansion  with 
liummy  joint  ^  - . 

Expansion     with 
dummyjoint.' 


.do«. 


100- 

[8,.. 

ko.- 


Expansion     with 
dummy  joint.' 


Expansion. 

do 

do 

Construction. 


I'i-in.  round,  deformed, 
4  ft.  long,  4  ft.  c.  to  c. 


Exiiansion  with 
dummy  joint  or 
steel  plate.' 

Expansion  with 
dummyjoint.' 


;  2-in.  round,  deformed,  5 
ft.  long,  5  ft.  c.  toe. 

}o-in.  round,  deformed, 
'l9  ft.  6  ins.  long,  5  ft.  c. 
to  c' 
'2-in.  round,  deformed, 
3  ft.  long,  4  ft.  6  ins.  c. 
to  c. 
Jo-in.  round,  deformed,  4  1 
"ft.  6  ins.  long  5  ft.  c.  ! [Expansion 
to  c. 
None 


g  I  Expansion  joint. 
■  Dummy  joint... 

Expansion     with 
dummy  joint.' 


'2-in.  round,  deformed, 

4  ft.  long,  5  ft.  c.  to  c. 
do 


.do--- 
-dn  . 
-do  -. 


100.--- 

50 

34  or  45- 


1 

'i  to  3,4 

,'2  to  ?4 


Necessary. 
81 

105  to  120.. 


50,  100. 
60 


.do. 


Poured  or  pre- 
molded. 
Premolded... 

fPoured  or  iire- 
\    molded. 

....do 


Premolded. -- 

fPoured  or  pre- 
\    molded. 

-.do 


Premolded - 


fPoured  or  pre- 
1     molded. 


Premolded-- - 

Poured  or  pre- 
molded. 
do 


/Poured  or  pre- 
\    molded. 


-do 


Designed. 

100 

40--- 

40 


jpoured 

Premolded . 

do 

do  


J-ito'i    Poured  or  pre- 
molded. 
^    Premolded  — 


Eight  3.1-in.  round,  1  ft.  long,  1  end 
fixed. 

None. 

Six  ,i2-i'i-  round,  1  end  fixetl. 

Edge  bars  only. 

None. 
None. 

Eight  34-in  .  2  ft.  long,  1  end  fnerl 

'j'en  J4-in.  round,  1  ft,  long,  1  end 

fixed. 
Eight  H-'\n.  round,  1  ft.  lone,  '  end 

fl  xed . 
None. 

Four  or  six  ^i-\n.,  4  ft.  long,  1  end 

fixed. 
Ten  %-m.  round,  2  ft.  long,  1  enil 

fixed. 

None. 

None.  ,  ^      , 

Eight  M-in-.  4  '*■  '""K'  '  ''"'^  "^^'^ 

Ten  34-in.,  3  ft.  long. 

[•None. 

Eight,    twelve,    or   sixteen    H-i"' 
square,  4  ft.  long,  1  end  fixed. 

None. 

Eight  34-in.,  2  ft.  r.  in.  long.  1  end 
fixed. 

Eight  ?4-in.,  4  ft.  long,  1  end  fixed. 


/Eight  5i-in.  round,  2  ft.  6  ins.  long, 
\     1  end  fixed. 

(Ten  5^-in.  round,  2  ft.  long.  1  end 
fixed. 

[None. 

Ten  ^-in.  round,  2  ft.  long,  greased. 

Twelve  to  twenty-four  ?4'-in.  round, 

1  ft.  8  ins.  long. 
Ten  H-in-  round,  1  ft.  8  ins.  long, 

1  end  fixed. 
Nine  'j-in.  round,  4  ft.  long,  oiled. 

Eight  ?i-in.  round,  2  ft.  0  ins.  long, 
1  end  fixed. 

iSix  'fin.  round,  4  ft.  long,  1  end 
I     fixed. 


None. 

Four  M-in.  round,  3  ft.  long,  1  end 
fixed. 


None. 

Eight  to  sixteen  h-i"-  round.  2  ft. 

long,  painted. 
None. 

Eight  34-in.  round,  2  ft.  0  ins.  long, 
1  end  fixed. 


1  For  reinforced  type,  30-foot  spacing,  34-inch  width;  for  plain  type.  4n-foot  spacing,  Vs-mch  width. 

'  Dummy  joints  at  third  points  between  expansion  joints. 

3  Spacing  and  width  of  expansion  joints  dei>endent  on  type  of  aggregate. 

'  Gage  of  metal  strip  not  specified. 

5  Dummy  joints  at  fourth  points  between  exjiansion  joints. 

'  Dummy  joint  halfway  between  expansion  joints. 

"  Transverse  reinforcing  bars  used  as  dowels;  no  short  dowels  used.  ... 

s  Alternate  expansion  and  contraction  joints  used,  Apr.  15  to  Oct.  I-'i,  at  ."iO-loot  spacing;  expansion  joints 

»  On  clay  subgrade. 


at  50-foot  spacing,  Oct.  15  to  .\i)r.  l.''i 
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GENERAL  FEATURES  OF  DESIGN  OF  CONCRETE  PAVEMENTS  ON  FEDERAL-AID  PROJECTS  SUBMITTED  IN 

1931— Continued 


Longitudinal  joints 

Transverse  joints 

State 

Type 

Steel  plate 

do       

Gage,  or 

width,  in 

inches 

Tie  bars 

Type 

Spacing  to 
nearest 

even  foot, 
in  feet 

Width 

Filler 

Dowels 

Tennessee..- 

Texas 

I6g 

18g 

H-in.  round,  deformed, 

4  ft.  long,  5  ft.  c.  to  c. 
,'2-in.  round,  smooth,  4 

ft.  long,  oft.  c.  to.c. 
l4-io.  round,  4  ft.  long, 
5  ft.  c.  to  c. 
5^-in,  round,  deformed, 

4  ft.  long,  2  ft.  10 ins.  c. 

toe. 

Expansion. 

do 

Expansion     with 
dummy  joint.' 
I'^xpausion 

('(instruftion 

E\)iansion     with 
dummy  joint » 

(Expansion     with 
l    (lummy  joint.' 

Expansion     with 
dummy  joint.' 

500 

200  to  500.. 
00 

5."; 

Inches 
3 

H 

Poured  or  pre- 

molded. 
Poured _ 

None. 
None. 

Utah 

Premolded Do. 

X'orniont 

Construction 

Poured  or  pre- 
molded. 

Eight  ^4-in.  round,  2  ft.  long,  1  end 

Necessary. 
I40 

\<.y.i 

fixed. 

AVa*^hingtoii 

Piiramy  joint 

PA-in.  round,  deformed, 
1    2  ft.  long,  4  ft.  c.  to  c. 

None 

;^-in.  round,  deformed, 
4  ft.  long,  2  ft.  c.  to  c. 

Jzto^s 

•■'4 

1 

Premolded 

[Twenty  M-in.  round,  2  ft.  long,  1 
<^     end  fixed. 

Steel  plate 

T^ummy  joint 

14g- 

1  [None. 

West  N'irt'inia    

or 
Construction 
I    joint. 

1  Steel  plate 

1           or 
[nunimv  joint 

do 

f  Poured  or  pre- 

1    

loo 

18g 

iTen  5^^-in.  rounrl.  2  ft.  R  ins.  lonz. 

/ 

\     molded,           j     -     -  -                   •                    ---■-■ 

*  Dummy  joints  at  third  points  between  expansion  joints. 
«  Dummy  joints  halfway  between  expansion  joints. 


PUBLICATIONS  OF  THE  BUREAU  OF  PUBLIC  ROADS 


U.  S.  DEPARTMENT  OF  AGRICULTURE 


PHACTICAI.LY  all  of  the  research  reports  of  the 
Inireau  are  now  published  in  the  magazine  Public 
Roads.     The    following    list    includes    the    more 
important  reports  which  have  been  issued. 

The  bureau  will  supply  without  charge  only  selected 
issues  of  the  magazine  for  the  current  year.  Earlier 
issues  (and  ciUTcnt  issues  if  desired)  can  be  purchased 
from  the  Superintendent  of  Documents,  Government 
Printing  Office,  at  10  cents  per  copy  (stamps  not 
accepted). 

Certain  publications  are  marked  "Free  supply"  and 
single  copies  can  be  obtained  from  the  bureau  or  they 
can  be  purchased  from  the  Superintendent  of  Docu- 
ments in  those  cases  where  a  price  is  indicated.  Those 
marked  "Available  by  purchase  only"  should  be  pur- 


chased from  the  Superintendent  of  Documents.  Where 
more  than  one  copy  of  any  publication  is  desired  it 
should  be  obtained  by  purchase. 

Important  articles  in  Public  Roads  of  which  the 
entire  supply  is  exhausted  are  so  indicated  and  are 
included  in  the  list  for  the  convenience  of  investigators 
who  ]nay  wish  to  consult  them  in  libraries.  Upon 
request,  correspondents  will  be  advised  of  near-by 
libraries  receiving  the  magazine. 

The  bureau  has  discontinued  the  issuance  of  a  series 
of  bulletins  describing  current  practice  in  constructing 
the  various  types  of  road,  since  this  subject  is  now 
covered  by  numerous  textbooks.  A  list  of  books 
on  highway  engineering  subjects  can  be  supplied  on 
request. 


HIGHWAY  LOCATION,  SURVEYS,  AND  GENERAL  DESIGN 

Miiscellaneous  Circular  62  MC.  Standards  Governing  Plans, 
Specifications,  Contract  Forms,  and  Estimates  for  Federal- 
Aid  Highway  Projects.     5c.      (Free  supply  available.) 

Tentative  Standard  Specifications  for  Higliway  Materials  and 
Methods  of  Sampling  and  Testing,  published  by  American 
Association  of  State  Highway  Officials,  National  Press 
L^uilding,  Washington,  D.  C.  These  specifications  have  been 
approved  for  use  in  Federal-aid  work.  (Available  only  by 
])nrchase  from  publishers,  $L50.) 

REPORTS  IN   PUBLIC   ROADS 

*Superelevation  and  Easement  as  Applied  to  Highway  Cur\os, 
bv  A.  L.  Luedkeand  J.  L.  Harrison,  vol.  3,  No.  31,  November, 
1920. 

*Effect  of  Increased  Speed  of  Vehicles  on  the  Design  of  Highways, 
by  A.  G.  Bruce,  vol.  10,  No.  1,  March,  1929.' 

SUBGRADE  AND  SOIL  STUDIES 

lle|)orts  on  Subgrade  Soil  Studies.  Kcprint  from  Puhlic 
Ro.vns,  vol.  12,  Nos.  4,  5,  7  and  S.  40c.  (Free  supply 
available.) 


•  Aviiilahle  only  hy  purchase  from  Superintendent  of  Documents. 


REPORTS   IN    PUBLIC    ROADS 

♦Practical  Field  Tests  for  Subgrade  Soils,  by  A.  C.  Rose,  vol.  5, 

No.  6,  August,  1924.      (Supply  exhausted.) 
*The  Supjjorting  Value  of  Soil  as  Influenced  by  the  Bearing  Area, 

by  A.  T.  Goldbeck  and  M.  .1.  Bussard,  vol.  5,  No.  11,  January, 

192.5.      (Supply  exhausted.) 
♦Vertical  Pressure  of  Earth  Fills  Measured,  bv  C.   N.  Connor, 

vol.  0,  No.  1,  March,  1925. 
♦Field  Methods  Used  in  Subgrade  Surveys,  bv  A.  C.  Rose,  vol.  6, 

No.  5,  .July,  1925. 
♦Earth  Pressures  Against  Abutment  Walls  Measured  With  Soil 

Pressure  Cells,  by  J.  V.  McNary,  vol.  6,  No.  5,  July,  1925. 
♦The  Present  Status  of  Subgrade  Studies,  by  A.  C.  Rose,  vol.  6, 

No.  7,  September,  1925.     (Supply  exhausted.) 
♦Adaptation  of  Atterberg  Plasticity  Tests  for  Subgrade  Soils,  bv 

A.   M.   Wintcrmyer,  vol.  7,   No.  6,   August,   l926.      (Supply 

exhausted.) 
♦Simplified  Soil  Tests  for  Subgrades  and  Their  Physical  Signifi- 
cance, by  Dr.  Charles  Terzaghi,  vol.  7,  No.  8,  October,  1926. 
♦Earth  Pressures  on  Culvert  Pipes,  by  G.  M.  Braune,  vol.  7,  No. 

11,  January,  1927.      (Supi^lv  exhausted.) 
♦Fill  Settlement  in  Peat  Marshes,  i)v  V.  R.  Burton,  vol.  7,  No.  12, 

February,  1927. 
♦Determination  of  Consistency  of  Soils  by  Means  of  Penetration 

Tests,  hy  Dr.   Charles  Terzaghi,   vol.  7,   No.   12,   February, 

1927. 


May,  1932 
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*Landslides  and  Their  Relation  to  Highways — Report  of  Obser- 
vations Made  in  West  Virginia  and  Ohio  to  Determine  tlie 
Cause  of  Slides  and  Devise  Means  of  Control.  Part  I,  by 
Dr.  George  E.  Ladd,  vol.  8,  No.  2,  April,  1927. 

^Principles  of  Final  Soil  Classification,  by  Dr.  Charles  Terzashi, 
vol.  8,  No.  3,  May,  1927. 

*Elenientary  Proof  of  Shale  Likeness  of  Clav  Particles,  ]>v 
Dmitry  P.  Krynine,  vol.  8,  No.  11,  January, "l928. 

♦Present  Status  of  Subgrade  vSoil  Testing,  by  C.  A.  Hogentogler, 
Dr.  Charles  Terzaghi,  and  A.  M.  Wintermyer,  vol.  9,  No.  1, 
March,  1928. 

♦Landslides  and  Their  Relation  to  Highways' — Report  of  Obsci-- 
vations  Made  in  West  Virginia,  Ohio,  and  Southwestern 
Pennsylvania.  Part  II,  liv  Dr.  George  E.  Ladd,  vol.  9,  No. 
8,  October,  1928. 

♦Interrelationship  of  Load,  Road,  and  Subgrade,  bv  C.  A.  Hoge!i- 
togler  and  Dr.  Charles  Terzaghi,  vol.  10,  No. '3,  May,  1929. 

♦Simple  Laboratory  Experiments  on  Capillary  Movement  and 
Entrapped  Air  in  Clavs,  by  Dmitrv  P.  Krvnine,  vol.  10,  No. 
6,  August,  1929. 

♦Earth  Pressure  Experiments  im  Culvert  Pipe,  l:)y  G.  M.  Bruune, 
William  Cain,  and  H.  F.  Jaiida,  vol.  10,  No.  9,  N()\-ember, 
1929. 

♦The  Mechanics  of  Shear  Failures  on  Clav  Siojjes  and  the  Creep 
of  Retaining  Walls,  bv  Dr.  Charles  Terzagiii,  vol.  10,  No.  10, 
December,  1929. 

♦Illustrations  of  frost  and  ice  plienomcna,  Ijv  Ira  B.  MuUis,  \<il. 
11,  No.  4,  June,  1930. 

♦Some  Points  of  Contact  Between  Soil  Science  and  Highway 
Engineering,  by  J.  S.  Joffe,  vol.  11,  No.  4,  June,  1930.  ' 

♦Freezing  and  Thawing  of  Soils  as  Factors  in  the  Destruction  of 
Road  Pavements,  by  Stephen  Taber,  vol.  11,  No.  6,  August, 
1930. 

♦Subgrade  Soil  Constants,  Their  Significance,  and  Their  Appli- 
cation in  Practice,  by  C.  A.  Hogentogler,  A.  M.  Wintermyer, 
and  E.  A.  Willis: 

Part  I,  vol.  12,  No.  4,  June,  1931. 

Parts  II  and  III,  vol.  12,  No.  5,  July,  1931. 

♦The  Soil  Profile  and  tlie  Suljgrade  Survey,  by  W.  I.  Watkins  and 
Henry  Aaron,  vol.  12,  No.  7,  September,  1931. 

♦Procedures  for  Testing  Soils  for  the  Determination  of  the 
Subgrade  Soil  Constants,  by  A.  M.  Wintermyer,  E.  A.  Willis, 
and  R.  C.  Thoreen,  vol.  12;  No.  8,  October,  1931. 

♦Graphical  Solution  of  the  Data  Furnished  by  the  Hydrometer 
Method  of  Analysis,  by  E.  A.  Willis,  F.  A.  Robeson,  and 
C.  M.  Johnston,  vol.  12,  No.  8,  October,  1931. 

EARTH,  SAND-CLAY.  GRAVEL,  AND  LOW-COST  BITU- 
MINOUS MIXES 

REPORTS   IN    PUBLIC    ROADS 

♦Rythmic    Corrugations   in    Gravel    Roads,    by    Dr.    George    E. 

Ladd,  vol.  5,  No.  7,  September  1924.      (Supply  exhausted.) 
♦Oiled  Earth  Roads  on  Long  Island,  by  A.  T.  Goldbeck,  vol.  5, 

No.  7,  September  1924.      (Supply  exhausted.) 
♦Tar  Surface  Treatment  of  Gravel  Roads,  by  N.   M.  Isabella, 

vol.  (5,  No.  2,  April,  1925.      (Supply  exhausted.) 
♦Light  Asphaltic  Oil  Road  Surfaces,  by  C.   L.   McKesson  and 

W.  N.  Frickstad,  vol.  8,  No.  7,  September,   1927.      (Supply 

exhausted.) 
♦Surface  Treatment  of  Topsoil  roads,  by  J.  T.  Pauls,  vol.  S,  No.  9, 

November,  1927. 
♦Study  of  Gravel,  Topsoil,  and  Sand-Clay  Roads  in  Georgia,  Ijy 

Dr.  C.  M.  Strahan,  vol.  10,  No.  7,  September,  1929. 
♦Bituminous  Surf  ace  Treatment  of  Sand-Clay  andTopsoil  Roads — 

Report  on  a  cooperative  study  by  the  Bureau  of  Public  Roads 

and  the  Asphalt  Industry,  vol.  10,  No.  11,  January,  1930. 
♦Investigation  of  Oil-Treated  Earth  Roads  in  Missouri,  by  F.V. 

Reagel,  Henrv  Aaron,  and  W.  I.   Watkins,  vol.   12,   No.  3, 

May,  1931. 
Bituminous  Treatments  on  Sand-Clay  and  Marl  Bases  in  South 

Carolina,  by  H.  C.  Jones  and  E.  L.  Tarwater,  vol.  12,  No.  9, 

November    1931. 

BITUMINOUS     SURFACES.     MATERIALS,    AND 
MIXTURES 

REPORTS   IN    PUBLIC    ROADS 

*Stability  Test  for  Bituminous  Mixtures,  by  W.  J.  Enunons, 
vol.  6,  No.  4,  June,  1925.     (Supply  exhausted.) 

*  Available  only  by  purchase  from  Superintendent  of  Documents. 


♦Study  of  the  Effect  of  Temperature  on  the  Stability  of  Asphal- 
tic Pavements,  Ijy  W.  J.  Emmons,  vol.  7,  No.  2, "April,  1926. 

♦Researches  on  Bituminous  Paving  Mixtures,  by  W.  J.  I'hTimons, 
vol.  7,  No.  10,  December,  1926. 

♦Report  on  Connecticut  Aveinic  Experimental  Road,  vol.  9,  No. 
3,  May,  192S. 

♦Bradley  Lane  Exijcrimontal  lioad,  vol.  9,  No.  12,  February, 
1929. 

♦Machine  for  Molding  Laboratoi-y  Specimens  of  Bituminous 
Paving  Mixtures,  by  J.  T.  Pauls,  vol.  10,  No.  2,  April,  1929. 

♦Bituminous  Surfa(U'  Treatment-  Experiments  in  Department  of 
Agriculture  (irounds,  by  J.  T.  Pauls  and  Paul  F.  Critz,  vol. 
10,  No.  8,  October,  1929. 

♦Progress  Report  of  the  ('onnecticut  .Avenue  Experimental  Road, 
by  Paul  F.  Critz  and  J.  H.  Eldridge,  vol.  11,  No.  4,  June,  1930. 

♦Bituminous  Treatments  Used  on  Roads  of  Intermediate  Type 
in  the  Western  States,  by  J.  T.  Pauls,  vol.  11,  No.  10,  Decem- 
ber, 1930. 

♦The  Most  Recent  Methods  Adopted  for  tlie  Use  of  Tar,  Bitu- 
men, and  Asphalt  in  Road  Construction — Report  by  Amer- 
ican Engineers  to  the  Sixth  International  Road  Congress, 
vol.  11,  No.  10,  December.  1930. 


CONCRETE,  CONCRETE  MATERIALS.  AND  CONCRETE 

ROADS 

♦Department  Bulletin  532  D.  The  Expansion  and  ( '(jnt  raction  of 
Concrete  and  Concrete  Roads,  10c. 

REPORTS   IN    PUBLIC    ROADS 

♦Accelerated   Wear  Tests  by  the   Bureau  of  Public   Roads,   Ijy 

F.  H.  Jackson  and  C.  A.  Hogentogler,  vol.  4,  No.  2,  June, 

1921. 
♦Wear  of  Concrete  Pavements  Tested,  by  F.  H.  Jackson,  vol.  5, 

No.  3,  May  1924.      (Supply  exhausted.) 
♦Friction    Tests    of    Concrete    on    Various    Subbases,   by    A.   T. 

Goldbeck,  vol.  5,  No.  5,  July,  1924. 
♦Reinforcing   and   the    Subgrade   as    Factors    in    tlu;    Design    of 

Concrete  Pavements,  by  J.  T.  Pauls,  vol.  5,  No.  8,  October, 

1924.  (Supply  exhausted.) 

♦Static  Load  Tests  on  Pavement  Slabs,  by  J.  T.  Thompson,  vol.  5, 
No.  9,  November,  1924.     (Supply  exhausted.) 

♦Comparisons  of  the  Strength  of  Concrete  in  Tension  and  Com- 
pression, by  N.  M.  Finkbiner,  vol.  5,  No.  11,  January.  1925. 
(Supply  exhausted.) 

♦Reinforced  Concrete  Pavement  Survey,  by  C.  A.  Hogentogler 
vol.  5,  No.  12,  February,  1925. 

♦Effect  of  Grading  on  Sand  Strength  Ratios,  by  C.  E.  Proudley, 
vol.  6.  No.  4,  June  1925.      (Supply  exhausted.) 

♦The  Interrelation  of  Longitudinal  Steel  and  Transverse  Cracks 
in  Concrete  Roads,  by  A.  T.  Goldbeck,  vol.  6,  No.  6,  August, 

1925.  (Supply  exhausted.) 

♦A  New  Test  for  Consistency  of  Concrete  Applicable  to  Dry 
Paving  Mixtures,  by  F.  H.  Jackson,  vol.  6,  No.  6,  August, 
1925.     (Supply  exhausted.) 
♦The  Six-Wheel  Truck  and  the  Pavement,  bv  L.  W.  Tellei',  vol. 

6,  No.  8,  October,  1925. 
♦Action  of  Sulphate  Water  (jii  Concrete,  bv  Dalton  G.   Miller, 

vol.  6,  No.  8,  October,  1925. 
♦Protection  of  Concrete  Against  Alkali,  by  Dr.  E.  C.  E.  Lord,  vol. 

6,  No.  11,  January  1926.      (Supi^y  exhausted.) 
♦Stresses    in    Concrete    Pavements    Computed    by    Theoretical 

Analysis,  by  Dr.  H.  M.  Westergaard,  vol.  7,  No.  2,  April,  1926. 
♦Tests  of  Vibrohthic  Concrete,  by  L.  W.  Teller,  vol.  7,  No.  2, 

April,  1926. 
♦Comjjarison  of  Transverse  and  Compressive  tests  of  Concrete, 

by  H.  F.   Clemmer,  vol.  7,   No.  3,   May   1926.      (Supply  ex- 
hausted.) 
♦Tests  of  Concrete  in  Tension,  by  A.  N.  Johnson,  Vol.  7.  No.  4, 

June,  1926.      (Supply  exhausted.) 
♦Strength  of  Mortar  and  Concrete  as  Influenced  by  the  Grading 

of  the  Sand,  by  J.  G.  Rose,  vol.  7,  No.  5,  July,  1926.     Discus- 
sion by  T.  C.  Powers,  vol.  7,  No.  8,  October,  1926. 
♦Tests  of  Concrete  Curing  Methods,  by  J.  T.  Pauls,  vol.  7,  No. 

10,  December,  1926. 
♦Action  of  Calcium  Chloride  on  Cements,  vol.  7,  No.  12,  February, 

1927. 
♦Proportioning  Concrete  Aggregates  by  Weight,  by  R.  W.  Crum, 

vol.  8,  No.  1,  March,  1927.     (Supply  exhausted.) 
♦Standard  Sizes  of  Crushed  Stone,  by  F.  H.  Jackson,  vol.  8,  No. 

2,  April,  1927. 
♦Analysis  of  Stresses  in  Concrete  Roads  Caused  by  Variations  of 

Temperature,  bv  Dr.  H.  M.  Westergaard,  vol.  8,  No.  3,  May, 

1927. 
♦Effect  of  Salts  in  Mixing  Water  on  Strength  of  Mortar  Studied, 

vol.  8,  No.  5,  July,  1927. 


54 


PUBLIC    ROADS 


Vol.  13,  No.  3 


♦Protection  of  Concrete  Against  Alkali,  Bv  Dr.  E.  C.  E.  Lord, 

vol.  S,  No.  (),  Augu.st,  1927. 
*  Effect  of  Quality  of  Portland   Cement  upon  the  Strength  of 

Concrete,  by  F.  H.  Jackson,  vol.  8,  No.  6,  August,  1927. 
♦Further  Tests  of  Vibrolithic  Concrete,  bv  L.  W.  Teller  and  C.  E. 

Proudley,  vol.  8,  No.  8,  October,  1927. 
*Tlie  Action  of  Sulphate  Water  on  Concrete,  by  Dalton  G.  Miller, 

vol.  8,  No.  9,  November,  1927. 
*I']ffect  of  Salts  in   Mixing  Water  on  Compressive  Strength  of 

Mortar,  vol.  8,  No.  11,  January,  1928. 
♦Comparative  Tests  of  Crushed  Stone  and  Gravel  Ct)ncrcte  iu 

New  Jer,sey,  by  F.  H.  Jackison,  vol.  8,  No.  12,  February,  192S. 

(Supply  exhausted.) 
♦Report  on  Coimecticiit  Avenue  Experimental  Road,  vol.  9,  No. 

3,  May,  1928. 

♦Virginia  Demonstration  Road,  by  A.  C.  Benkelman,  vol.  9,  No. 

4,  June,  1928. 

♦Resistance  of  Portland  Cement  Concrete  to  the  Action  of  Sul- 
phate Waters  as  Influenced  by  the  cement,  bv  Dalton  G. 
Miller,  vol.  9,  No.  4,  June,  1928. 

♦Determination  of  Proportions  of  Constituents  in  Concrete,  bv 
L.  G.  Carmick,  vol.  9,  No.  4,  June,  1928. 

♦Lip  Curb  for  Concrete  Pavements,  by  St.  Clair  T.  Thomas,  vol. 
9,  No.  5,  July,  1928. 

♦The  Design  of  Pavement  Concrete  by  the  Water-Cement  Ratio 
Method,  by  F.  H.  .Jackson,  vol.  9, "No.  6,  August,  1928. 

♦Field  Experiments  in  the  Curing  of  Concrete  Pavements— Re- 
port on  Cooperative  Experiments  Conducted  by  the  Mary- 
land State  Roads  Commission  and  the  U.  S.  Bureau  of  Put_>lic 
Roads,  by  F.  H.  Jackson  and  George  Werner,  vol.  9,  No.  7, 
September,  1928. 

♦Strength  Characteristics  of  Concrete  as  Indicated  by  Core 
Tests — Results  of  Compression  Tests  on  Cores  Drilled  from 
Maryland  Highways  Analyzed,  by  A.  N.  Johnson,  vol.  9,  No. 
7,  September,  1928. 

♦Modulus  of  Elasticity  of  Cores  from  Concrete  Roads — Residts 
of  Determinations  Made  on  Cores  Drilled  from  Maryland 
Highways,  by  A.  N.  Johnson,  vol.  9,  No.  8,  Octoljer,  1928. 

♦Strength  Characteristics  of  Concrete — Results  of  Study  of 
Modulus  of  Elasticity,  Effect  of  Moisture  on  Strength  ,and 
Behavior  under  Repeated  Loading,  by  A.  N.  Jolinson,  vol.  9, 
No.  9,  November,  1928. 

♦Influence  of  Mineral  Composition  of  Sand  on  Mortar  Strength, 
by  Dr.  E.  C.  E.  Lord,  vol.  9,  No.  11,  .Jaruiary,  1929. 

♦Concrete  in  Tension,  bv  A.  N.  Johnson,  vol.  9,  No.  12,  Februarv, 
1929. 

♦Qualities  Required  in  Paving  Concrete,  bv  F.  H.  Jackson,  vol. 
9,  No.  12,  February,  1929. 

♦Mechanics  of  Progressive  Cracking  in  Concrete  Pavements,  bv 
Dr.  H.  M.  Westergaard,  vol.  10,  No.  4,  June,  1929. 

♦Effect  of  Type  and  Gradation  of  Coarse  Aggregate  Upon  the 
Strength  of  Concrete,  by  W.  F.  Kellermann,  vol.  10,  No.  4, 
June,  1929. 

♦.\  Test  for  Indicating  the  Surface  Hardness  of  Concrete  Pave- 
ments, by  L.  W.  Teller,  vol.  10,  No.  5,  July  1929. 

♦General  Features  of  Design  of  Cross  Section  of  Concrete  Pave- 
ments on  F^ederal-aid  Projects  Submitted  in  1928,  vol.  10,  No. 

5,  July,  1929. 

♦Effect  of  Method  of  Fabrication  on  Strength  and  Uniformity  of 

Concrete  Flexure  Specimens,  bv  L.  W.  Teller,  vol.  10,  No.  C. 

August,  1929. 
♦Effect  of  Moisture  Content  on  the  Strength  of  Cement  Mortar 

Specimens,  bv  D.  O.  Woolf  and  Baxter  Smith,  vol.  10,  No.  0, 

August,  1929". 
♦Need  for  Simplification  of  Sizes  of  Sand  and  Gravel  Industrx', 

by  F.  H.  Jackson,  vol.  10,  No.  12,  February,  1930. 
♦The  Arlington  Curing  Experiments,  by  L.  W.  Teller  and  H.  L. 

Bosley,  vol.  10,  No.  12,  F'ebruary,  1930. 
♦Progress  Rejiort  of  the  Connecticut  Avemie  Experimental  Road, 

by  Paul  F.  Critz  and  J.  H.    Eldridge,  vol.  11,    No.  4,  June, 

1930. 
♦Results  Obtained  by  the  Use  of  Cement — Report  of  Amei'ican 

Engineers  to  tlie  Sixth  International  Road  Congress,  vol.  1 1, 

No.  9,  November,  1930. 
*X  Study  of  Methods  of  Curing  Concrete  Pavements — Reijort  of 

a  Field  Investigation  in  Tennessee  Conducted  Jointly  by  the 

Tennessee  Department  of  Highways  and  the  U.  S.  Bureau  of 

Public  Roads,  bv  F.  H.  Jackson  and  E.  W.  Bauman,  vol.  11, 
^  No.  11,  .January",  1931. 
♦Effect  of  Vibration  on  the  Pressure  of  Concrete  Against  F'orm 

Work,  by  L.  W.  Teller,  vol.  12,  No.  1,  March,  1931. 
♦Effect  of  the   Dimensions  of  Test  Specimens  on  the  Flexural 

Strength  of  Concrete,  by  F.  V.  Reagel  and  T.  F.  Willis,  vol. 

12,  No.  2,  April,  1931. 
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♦Action  of  Sulphate  Water  on  Concrete,  by  Dalton  G.  Miller  and 
Phihp  Manson,  vol.  12,  No.  3,  May,  1931. 

♦Effect  of  Water-gas  Tar  on  the  Strength  and  Alkali  Resistance 
of  Concrete,  by  Dr.  E.  C.  E.  Lord,  vol.  12,  No.  4,  June,  1931. 

♦Studies  of  Paving  Concrete,  by  F.  H.  Jackson  and  W.  F.  Keller- 
mann, vol.  12,  No.  6,  August,  1931. 

♦Some  Observations  on  tlie  Modulus  of  Rupture  of  Frozen  Con- 
crete Beams,  by  Andrew  P.  Anderson,  vol.  12,  No.  7,  Sep- 
tember, 1931. 

♦The  F^ffect  of  Materials  and  Methods  of  Placing  on  the  Strength 

and  Other  Properties  of  Concrete  Bridge  Floor  Slabs,  by  L.  W. 

Teller  and  George  W.  Davis,  vol.  12,  No.  10,  Decembe"r,  1931. 

Relation  Between  the  Strength  of  Cement  and  the  Strength  of 

Concrete,  by  F.  H.  Jackson,  vol.  12,  No.  11,  January,  1932. 
The  Resistance  of  Concrete  to  Frost  Action,  by  F.  H.  Jackson, 
vol.  13,  No.  2,  April,  1932. 

BLOCK  PAVEMENTS  (BRICK.  ETC.) 

KEPORTS   IN    PUBLIC    ROADS 

♦Brick  Pavement.s  in  the  Middle  West,  by  A.  T.  Goldbeck  and 

F.    H.    Jackson,    vol.    1,    No.    10,    February,    1919.      (Supply 

exhausted.) 
♦Accelerated   Wear  Tests   by   the   Bureau  of   Public   Roads,   by 

F.   H.  Jackson  and  C.   A.   Hogentogler,   vol.  4,   No.  2,  June, 

1921. 
♦"Rolled-Base"  Brick  Roads  in   Ohio,  by   A.  T.  Goldbeck  and 

F.    H.    Jackson,    vol.    4,    No.    7,    November,    1921.      (Supply 

exhausted.) 
♦Brick  Roads  of  Florida,  by  C.  A.  Hogentogler,  vol.  5,  No.  2, 

April,  1924.      (Supply  exhausted.) 
♦Effect  of  Size  of   Brick   on   Rattler   Loss,   by   F.    H.   Jackson, 

vol.  7,  No.  5,  July,  1926. 
♦Thin  Brick  Pavements  Studied,  by  L.  W.  Teller  and  J.  T.  Pauls, 

vol.  7,  No.  7,  September,  1926.      (Supply  exhausted.) 

MOTOR  VEHICLE  IMPACT 

REPORTS    IN    PUBLIC    ROADS 

♦Motor-Truck  Impact  as  Affected  by  Tires,  Other  Truck  Factors, 
and  Road  Roughness,  by  J.  A.  Buchanan  and  J.  W.  Reid, 
vol.  7,  No.  4,  June,  1926.      (Supply  exhausted.) 

♦Static  and  Impact  Strains  in  Concrete,  by  J.  T.  Thomj^son, 
vol.  7,  No.  5,  July,  1926. 

♦An  Instrument  for  the  Measurement  of  Relative  Road  Rough- 
ness, vol.  7,  No.  7,  September,  1926.      (Supply  exhausted.) 

♦Downward  Kick  of  the  Rear  Wlieels  of  Vehicles  in  Starting 
from  Rest  to  Motion,  by  Thomas  K.  A.  Hendrick,  vol.  7, 
No.   11,  January,   1927.      (Supply  exhausted.) 

♦Static  and  Im[)act  Loads  Transmitted  to  Culverts,  vol.  8,  No.  6, 
August,  1927. 

♦Effect  of  Pavement  Type  on  Impact  Reaction,  bv  J.  T.  Thomp- 
son, vol.  9,  No.  6,  August,  1928. 

♦Calibrations  of  Accelerometers  for  Use  in  Motor  Truck  Impact 
Tests,  by  J.  A.  Buchanan  and  G.  P.  St.  Clair,  vol.  11,  No.  5, 
July,  1930. 

♦Motor  Truck  Impact  as  Affected  by  Rubber  Tread  Thickness  of 
Tires,  by  J.  A.  Buchanan,  vol.  11,  No.  7,  September,  1930. 

♦Interrelated  Effects  of  Load,  Speed,  Tires,  and  Road  Rough- 
ness on  Motor  Truck  Impact,  bv  J.  A.  Buchanan,  Vol.  11, 
No.  7,  September,   1930. 

♦Impact  Reactions  Developed  bv  a  Modern  Motor  Bus,  by  J.  A 
Buchanan,  vol.  12,  No.  2,  April,  1931. 

HIGHWAY  CONSTRUCTION  COST  AND  EFFICIENCY 
STUDIES 

♦Miscellaneous  Circular  93  MC.  Direct  Production  Costs  of 
Broken  Stone.     25c. 

REPORTS   IN    PUBLIC    ROADS 

Effect  of  Haul  on  the  Cost  of  Earthwork,  by  J.  L.  Harrison, 

vol.  5,  No.  7,  September,  1924.      (Supply  exhausted.) 
Cost  of    Grading    with   Fresnoes,    by    J.    L.    Harrison,    vol.   5, 

No.  8,  October,  1924.      (Supply  exhausted.) 
Economical  Use  of  Wheel  Scrapers,  by  J.  L.  Harrison,  vol.  5, 

No.  10,  December,  1924.      (Supply  exhausted.) 
The    Wagon   and   the    Elevating    Grader,    by   J.    L.    Harrison: 
Part    I.    An    Economic    Study   of    the    Wagon-Elevating 
Grader  Combination,  vol.  6  ,No.  2,  April,  1925.     (Supply 
exhausted) . 
♦Part   II.   The    Influence  of  Design  on  Elevating    Grader 
Costs,  vol.  6,  No.  3,  May,  1925. 
Part  III.   Estimating  the  Cost  of  Elevating  Grader  Work, 
vol.  6,  No.  4,  June,  1925.      (Suj^ply  exhausted.) 
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Efficiency  in  Concrete  Road  Construction,  by  J.  L.  Harrison: 
*Part   I.   Efficient   Production,   vol.   6,   No.   9,   November, 
1925. 
Part    II.   Transportation    of    Materials,    vol.    6,    No.    10, 

December,  1925.      (Sujjply  exhausted.) 
Part  III.   Efficiency  of  Equipment,  vol.  6,   No.   11,  .Jan- 
uary, 1926.      (Supply  exhausted.) 
*Part    IV.   Organization    and    Ecjuijjment    of    a    Concrete 

Paving  Operation,  vol.  6,  No.  12,  February,  1926. 
*Part  V.  Speeding  up  Construction  Work,  vol.  7,   No.   1, 
March,  1926. 
*The  Value  of  the  Foreman  on  Fresno  and  Wheel  Scraper  W(jrk, 
by  Andrew  P.  Anderson,  vol.  7,  No.  3,  May,  1926.      (Suijply 
exhausted.) 
*Direct  Production  Costs  of  Broken  Stone,  by  Dr.   George  E. 

Ladd,  vol.  7,  No.  8,  October,  1926. 
*Tinie  Losses  in   Concrete   Road   Construction,   by   Andrew   P. 

Anderson,  vol.  7,  No.  10,  December,  1926. 
*Power-Shovel  Operation  in   Highway  Grading,   by  T.   Warren 
Allen  and  Andrew  P.  Anderson. 

Part  I.  Vol.  8,  No.  12,  February,  1928.    (Supplv  exhausted.) 
Part  II.   Vol..  9,  No.  1,  March,  1928. 
Part  III.   Vol.  9,  No.  2,  April,  1928. 
♦Effect  of  the  Length  of  the  Mixing  Period  on  the  Quality  of 
Concrete  Mixed  in  Standard  Pavers,  by  J.  L.  Harrison,  vol. 
9,  No.  5,  July,  1928. 
*Truck    Operation   aiifl    Production  in  Concrete  Paving  Work, 

by  Andrew  P.  Anderson,  vol.  11,  No.  12,  February,  1931. 
*High-Speed    Production    on    Asjihalt    Concrete    Paving    Work, 
by  R.  W.  Edwards  and  N.  L.  James,  vol.  11,  No.  12,  Febru- 
ary, 1931. 
Effect  of  Size  of  Batch  and  Length  of  Mixing  Period  on  Rate  of 
Production  and  Quality  of  Concrete  Mixed  in  Standard  27E 
Pavers,  by  T.  C.  Thee,  vol.  12,  No.  11,  January,  1932. 
Some  Studies  of   Drilling  and   Blasting  in   Highway   Grading, 
by  Andrew  P.  Anderson,  vol.  12,  No.  12,  February,  1932. 

HIGHWAY  FINANCE  AND  ADMINISTRATION 

Statistical  tables,  annual.  (Free  supply.) 
Motor  vehicle  registrations  and  fees. 
Gasoline  taxes. 

State  highways  built  during  year. 
State  highways  existing  at  end  of  year. 
State  highway  income  during  year. 
State  highway  expenditures  during  year. 
Local  roads  built  during  year. 
Local  roads  existing  at  end  of  year. 
Local  highway  income  during  year. 
Local  highway  expenditures  during  year. 
Annual  reports.      (Free  supply.) 

Report  of  the  Chief  of  the  Bureau  of  Public  Roads,  1924. 
Report  of  the  Chief  of  the  Bureau  of  Public  Roads,  1925. 
Report  of  the  Chief  of  the  Bureau  of  Public  Roads,  1927. 
Report  of  the  Chief  of  the  Bureau  of  Public  Roads,  192S. 
Report  of  the  Chief  of  the  Bureau  of  Public  Roads,  1929. 
♦Department  Bulletin  136  D,  Highway  Bonds,  20c. 
♦Department  Bulletin  660  D.     Highway  Cost  Keeping,  10c. 
Department  Bulletin  1279  D,  Rural  highway  mileage,  income 
and  expenditures  1921  and  1922.     15c.  (Free  supply  available.) 
Miscellaneous   Circular   109,   Federal   Legislation   and   Regula- 
tion   Relating   to    the    Improvement  of    Federal-7\id  Roads. 
(Free  supply  available.) 

REPORTS   IN    PUBLIC    ROADS 

♦Road  Bond  Issues  in  Relation  to  Total  Debt,  by  Henry  R. 
Trumbower,  vol.  5,  No.  3,  May,  1924.      (Supply  exhausted.) 

♦The  Incidence  of  the  Highway  Tax  Burden,  by  Henry  R. 
Trumbower,  vol.  5,  No.  4,  June,  1924.     (Supply  exhausted.) 

♦Regulation  of  Motor  Vehicles  as  Conmion  Carriers,  by  Henry  R. 
Trumbower,  vol.  5,  No.  6,  August,  1924,  (Supply  ex- 
hausted.) 

♦Motor  Vehicle  Fees  and  Gasoline  Taxes,  Ijy  Henry  R.  Trum- 
bower, vol.  5,  No.  7,  September,  1924.      (Supply  exhausted.) 

♦Constitutionahty  of  Motor  Vehicle  License  Fees  and  the  Gas- 
oline Tax  by  Henry  R.  Trumbower,  vol.  5,  No.  9,  November, 
1924.      (Supply  exhausted.) 

♦Highway  Income  from  the  Motor  Vehicle,  by  Henry  R.  Trum- 
bower, vol.  5,  No.  11,  January,  1925.      (Supply  exhausted.) 
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'Common  Carrier  Truck  Fees  and  Taxes,  Ijy  Ileiu-y  K.  'I'luni- 
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Vol.  6,  No.  9,  November,  1925. 

♦Effective  Width  of  Concrete  Bridge  Slabs  Supporting  Concen- 
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W.  Davis,  vol.  9,  No.  9,  November,  1928 

♦Loading  Tests  on  a  Reinforceil  Concrete  Arch — Report  on 
Tests  Made  on  Yadkin  River  Bridge  in  North  Carolina,  by 
Albin  L.  Gemeny  and  W.  F.  Hunter,  vol.  9,  No.  10,  December, 
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STABILIZATION  BY  DRAINAGE  OF  MUCK  AND 

SAND  FILL 

Reported  by  C.  A.  HOGENTOGLER,  Senior  Highway  Engineer,  and  E.  A.  WILLIS,  Assistant  Highway  Engineer,  Division  of  Tests,  United  States  Bureau  of 

Public  Roads 

harder  surface  crust.  It  was  evident  tliat  stabilization 
would  have  to  be  eflected  before  constructiou  could  be 
attempted. 


COLUMBIA  ISLAND,  on  which  a  section  of  the 
Mount  ^"ernon  Memorial  Highway,  4,000  feet  in 
length,  has  been  constructed,  is  a  body  of  land 
which  was  built  up  from  the  waste  material  resulting 
from  the  hydraulic  dredging  operations  performed  in 
deepening  the  Potomac  River  Channel  between  the 
Highway  Bridge  and  Georgetown,  D.  C.  In  many 
places  the  material  pumped  in  was  extremely  \instaV)le 
and,  in  the  condition  in  which  it  was  encountered  on  the 
island,  was  unfit  for  use  as  a  highway  subgrade.  The 
measures  employed  in  improving  the  stability  of  thfise 
portions  of  the  grade  which  were  unsatisfactory  furnish 
excellent  examples  of  some  of  the  fundamental  prin- 
ciples of  highway  drainage  and  illustrate  the  behavior  of 
a  class  of  soil  frequently  encountered  in  highway 
construction. 

At  the  time  it  was  desired  to  start  grading  operations 
on  Columbia  Island  a  section  about  300  feet  in  length 
between  stations  10  +  00  and  13  +  00  (see  fig.  1)  was 
covered  with  water  and  was  so  unstable  that  a  person 
attempting  to  \valk  along  the  center  line  would  sink 
in  to  his  knees. 


Figure  1. — Lookim.  Xoimi  :  khm   m  .;i''  .   Ml  rOO,  Alcixg 
THE  Center  Line,  Befoke  J^rainage 

The  remainder  of  the  grade,  between  stations  13  +  00 
and  50  +  00,  was  perfectly  dry  en  the  suiface  and  was 
firm  underfoot.  It  was,  consequently,  assumed  to  be 
in  a  stable  condition  and  equipment  was  moved  in. 
This  step  revealed  the  presence  of  soft  undeixiil  in 
many  places. 

The  power  shovel  was  bogged  down  in  several  in- 
stances (see  fig.  2)  even  though  it  was  traveling  over 
timber  mats  and  the  trucks  soon  broke  through  the 
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PERMEABLE  SAND  AND  IMPERMEABLE   MUCK   COMPOSE  .SOIL   OF 

ISLAND 

Preliminary  observations  revealed  that,  in  general, 
the  island  consists  of  only  two  distinct  types  of  soil. 
One  is  a  clean,  permeable  river  sand.  The  other  is  a 
silty  river  bottom  muck,  almost  impermeable  in  a 
compact  state  but  having  relatively  high  shrinkage 
properties  which,  under  the  action  of  evaporation, 
produced  large  cracks  and  fissures  which  would  act  as 


Figure  2.- 


-Wet  Area  at  Station  20  lOO.    l'uv\  ek  Shovel 
Was  Stuck   at  This  Point 


water  carriers.  The  character  of  this  muck  is  shown  in 
Figure  3.  Mixtures  of  tlie  two  soils  were,  of  course, 
encountered. 

Table  1  gives  the  mechanical  analysis  and  the  sub- 
grade  soil  constants  of  each  of  the  two  soils.  The  nature 
of  these  test  constants  and  the  methods  of  obtaining 
them  are  discussed  in  a  paper  entitled,  "vSubgrade 
Soil  Constants,  their  Significance,  and  their  Applica- 
tion in  Practice,"  Part  I,  Public  Roads,  vol.  12,  No.  4, 
June,  1931;  and  Parts  II  and  III,  Public  Roads, 
vol.  12,  No.  5,  July,  1931.  The  classification  of  sub- 
grade  soils  according  to  their  characteristics  into 
groups  A-1  to  A-8  is  also  discussed  in  these  articles. 

The  test  results  shown  in  Table  1  indicate  that  the 
sand  found  on  Columbia  Island  has  the  properties  of 
the  A-3  subgrade  group.  The  muck  is  an  A-S  sub- 
grade.  The  significance  of  these  groupings  may  be 
understood  from  the  following  (piotations:  ' 

Group  A~3. —  Coarse  material  only,  no  hinder.  Lacks  stabil- 
ity under  wheel  loads  but  is  unaffected  by  moisture  conditions. 
Not  likely  to  heave  because  of  frost  nor  to  shrink  or  cxjiand  in 
appreciable  amount.  Furnishes  excellent  support  for  flexible 
pavements  of  moderate  thickness  and  for  relatively  thin  rigid 
pavements. 

Group  A-8. — Very  soft  peat  and  muck  incapable  of  supporting 
a  road  surface  without  being  previously  compacted. 


■  Public  Roads,  voJ.  12,  No.  4,  June.  1«»L  p.  105. 
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Figure  5. — Compkession  Test  of   Muck   Soil   in   Dis- 
turbed State 

These  test  data  reveal  information  on  two  important 
points.  On  one  hand  they  show  that  in  order  to  sta- 
bihze  a  Layer  of  the  soil  of  indefinite  thickness  by  drain- 
age, its  .aioisture  content  must  be  reduced  below  31 
per  cent,  and  furthermore,  that  it  would  require  a 
pressiH'e  much  greater  than  6,000  pounds  i)er  square 
foot  actually  to  squeeze  the  water  out.  On  the  other 
liand,  they  show  that  if  this  muck  serves  as  a  base  for 
a  new  top  layer  of  soil  it  will  support  1 ,000  pounds  per 
scpiare  foot,  or  an  8-foot  thickness  of  gravel,  even  with 
57  per  cent  of  moisture;  and  that  with  a  moistiire  con- 
tent of  61  per  cent  it  will  support  a  4-foot  layer  of 
ground. 

If  only  the  character  of  the  material  were  known, 
and  not  the  conditioas  under  which  it  exists  in  place, 
a  co.tnparison  of  the  results  likely  to  be  furnished  by 
drainage  and  by  covering  wovdd  suggest  covering  to  be 
the  more  logical  procedin-e  in  uniform  deposits  of  great 
depth  whei-e  the  ground  water  table  is  high.  In  strati- 
fied deposits,  however,  the  removal  by  drainage  of 
water  which  is  the  source  of  detrimental  capillarity 
may  serve  to  very  quickly  stabilize  the  surface  muck 
layer.  Columbia  Island,  according  to  a  subgrade 
surve}',  was  found  to  be  an  excellent  representation 
of  the  type  of  stratified  soil  profile  in  which  such  stabil- 
ization could  be  accomplished  quickly  and  economically. 

SOIL    SURVEY    INDICATED    CHARACTER    OF   DEPOSITS    AND 
DI.STRIBUTION    OF    MOISTURE 

In  connection  with  this  survey  borings  made  every 
50  feet;  along  and  on  both  sides  of  the  center  line 
where  trouble  was  encountered,  brought  to  light  several 


interesting  conditions  not  usually  found  in  natural 
soil  deposits.  The  soil  profile  is  shown  in  Figure  6. 
The  sand  and  muck  occurred  in  layers  and  pockets 
varying  fro.m  an  inch  to  several  feet  in  thickness.  In 
places  wet  sand  occurred  above  dry  muck;  in  others, 
dry  sand  over  saturated  muck;  in  others,  wet  muck  over 
wet  sand;  and  in  still  others,  dry  muck  over  wet  sand. 

Finally,  in  several  instances  perched  water  tables  were 
encountered.  All  of  the  free  water  surfaces  were  above 
the  elevation  of  the  river;  but  in  certain  places  free  water 
occurred  in  several  layers  vertically  above  each  other 
with  relatively  dry  material  in  between. 

The  comparatively  small  pockets  of  saturated  sand 
and  muck  presented  no  particular  difficulties.  The 
prevailing  condition,  particularly  in  the  area  between 
stations  10  +  00  and  13  +  00,  where  the  soil  was  the  least 
stable,  was  that  of  a  layer  of  saturated  muck  about  6 
feet  thick  underlain  by  a  bed  of  saturated  sand. 

A  consideration  of  the  characteristics  of  this  material 
furnished  important  information.  Those  test  results 
which  showed  how  the  fill  would  shrink  if  the  moisture 
content  were  to  be  reduced  from  115  to  31  per  cent, 
also  showed  that  if  this  sod  had  a  chance  to  dry  out 
by  evaporation  it  would  c^-ack  to  such  an  extent  that 
it  would  transmit  water  freel}'.  It  could  be  readily 
seen  that  if  the  water  were  taken  away  from  the  bottom 
of  the  muck,  evaporation  from  the  top  would  dry  out 
the  soil.  These  two  factors  pointed  in  only  one 
direction  and  that  was  to  drain  out  the  sand  layer  and 
let  the  characteristic  properties  of  the  muck  do  the 
rest. 

Knowledge  of  the  manner  in  which  the  island  was 
formed  was  very  helpful  in  selecting  the  location  and 
depth  at  which  the  drains  should  be  placed.  The  island 
was  built  up  over  a  period  of  years  from  the  material 
dredged  out  of  the  river  channel.  It  was  thus  con- 
structed in  a  series  of  "lifts." 

Each  lift  was  formed  by  building  a  bank  or  dike 
around  an  area  and  pumping  in  sand  and  muck  from 
the  river  bottom.  The  area  inclosed  by  the  dike 
formed  a  settling  basin  and  the  excess  water  was 
allowed  to  escape  over  a  timber  spillway. 

Great  pains  were  taken  to  make  the  dike  impervious 
as  this  reduced  the  danger  of  washouts.  Wherever 
seepage  through  the  banks  was  noticed,  soft  muck  was 
spread  over  the  inner  faces  of  the  dikes  with  hoes  until 
the  dikes  were  effectively  sealed.  In  this  manner 
impermeable  walls  were  built  up  around  the  whole 
island. 

The  coarse  material  naturally  settled  out  of  suspension 
faster  than  the  fine  material  and  was  deposited  nearer 
to  the  end  of  the  discharge  pipe.  This  action  had  the 
effect  of  separating  the  coarse  from  the  fine  material 
and  several  instances  were  encountered  where  a  large 
amount  of  sand  was  surrounded  by  impermeable  muck 
forming  a  reservoir. 

Since  the  island  was  formed  in  successive  lifts  with  a 
considerable  time  interval  between  the  placement  of 
each  lift,  there  was  time  for  each  one  to  become  more 
or  less  consolidated  and  covered  with  vegetable  growth. 
Consequently,  a  layer  of  slightly  decomposed  organic 
matter  was  often  encountered  and  a  difference  in  j^er- 
meability  was  noticed  between  successive  lifts  even 
where  the  material  appeared  to  be  the  same.  Further- 
more, the  material  from  wliich  the  difierent  lifts  were 
formed  was  often  ol)tained  from  different  parts  of  the 
river,  with  the  result  that  successive  layers  often  con- 
sisted of  widelv  difierent  materials. 
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Figure  6. — Map  and  Soil  Profile  of  Columbia  Island 


PLAN   OF   DRAINAGE   DESCRIBED 

In  general,  the  drainage  plan  consisted  of  three  essen- 
tial operations,  namely:  (1)  Removal  of  free  surface 
water,  (2)  removal  of  brush  and  vegetation,  and  (3) 
tapping  of  the  impermeable  dike  and  placing  drains  in 
such  a  manner  as  to  remove  all  underground  water 
which  was  trapped  in  layers  or  pockets. 


The  surface  water  was  removed  from  the  wet  area 
between  stations  10  +  00  and  13  +  00  in  an  attempt  to 
dry  it  up  enough  to  make  it  possible  to  work  in  this 
area.  Shallow^  surface  ditches  (figs.  7,  A  and  8,  A) 
were  dug  from  the  dikes  back  toward  the  center  line. 
A  great  quantity  of  water  was  carried  off  in  this  manner 
and  as  soon  as  the  water  on  the  surface  was  removed 


THE  SEGREGATION   OF  WATER  IN  CONCRETE 

PLACED  IN  DEEP  FORMS 

By  F.  H.  JACKSON,  Senior  Engineer  of  Tests,  and  W.  F.  KELLERMANN,  Associate  Materials  Engineer,  United  States  Bureau  of  Public  Roads 


IT  IS  well  known  that  during  the  continuous  placing 
of  concrete  in  deep  forms  such  as  columns,  piers, 
abutments,  retaining  walls,  etc.,  there  is  a  tendenc^v  for 
water  within  the  concrete  to  rise  as  the  form  is  filled. 
This  results  in  an  accumulation  of  excess  water  in  that 
portion  of  the  concrete  at  and  near  the  upper  surface 
of  each  continuously  placed  section  with  the  consequent 
formation  of  layers  of  relatively  weak,  porous  concrete 
at  the  fill  planes.  It  is  a  matter  of  common  observa- 
tion that  such  concrete,  when  exposed  to  the  weather, 
deteriorates  much  more  rapidly  than  the  adjacent  con- 
crete at  the  bottom  of  the  next  lift.     Tyjncal  examples 


heights  of  column  were  used,  3  feet,  6  feet,  9  feet,  and 
12  feet.  One  side  of  each  form  was  provided  with  a 
series  of  ports  equipped  with  closely  fitting  doors, 
spaced  about  2  feet  apart  vertically.  From  1  to  1}^ 
hours  after  placing,  depending  upon  consistency,  a 
sufficient  quantity  of  the  fresh  concrete  was  obtained 
from  each  of  these  ports  to  permit  the  fabrication  of 
one  6  by  12  inch  cylinder  as  well  as  an  analysis  of  the 
fresh  concrete.  A  diagrammatic  view  of  one  set  of 
columns  is  shown  in  Figure  2.  This  view  shows  the 
location  of  the  ports  (indicated  by  circles)  and  also  the 
location  from  which  cores  were  subsequently  drilled 


Figure  1. — Typical  Examples  of  Disintegration  at  Fill  Planes 


of  this  action  are  shown  in  Figure  1.  It  has  been  gener- 
ally assumed  that  this  difference  in  the  rate  of  weather- 
ing is  due  in  large  part  to  excessive  water,  generally 
known  as  water  gain,  although  little  or  no  data  have 
been  published  which  show  quantitively  either  the 
actual  effect  of  water  gain  on  strength  and  durability 
or  the  relative  influence  of  various  factors  such  as 
grading  of  aggregates,  consistency  of  concrete,  area  of 
section,  method  of  placing,  tamping,  etc.,  on  the  extent 
to  which  water  gain  takes  place. 

The  ])roblem  appeared  to  the  bureau  to  be  of  suffi- 
cient interest  to  justify  a  preliminary  series  of  tests 
under  certain  job  conditions  to  determine  the  extent  to 
which  w'ater  gain  developed  and  its  effect  upon  the 
quality  and  uniformity  of  the  concrete. 

It  was  not  possible  to  cover  a  wide  range  in  test 
conditions;  and  the  applicability  of  the  data  is  restrict- 
ed to  the  conditions  under  which  it  was  obtained. 
While  forms  of  difi'erent  heights  were  used,  they  were 
all  of  one  width,  8  inches.  Methods  of  placing  included 
both  spading  and  vibrating.  The  fine  aggregate  used 
was  a  relatively  line  sand.  The  consistency  of  the 
concrete  was  varied  from  2  to  S  inches. 

DESCRIPTION  OF  TESTING   PROCEDURE 

The  tests  were  made  by  investigating  the  variations 

in  composition  and  strength  of  concrete  in  a  series  of 

8  by  48  inch  vertical  wall  colunms  cast  as  units  and 

ranging  in  height  from  3  to   12  feet.     Four  difi'erent 

64 


from  the  hardened  concrete  (indicated  by  crosses). 
A  "s-inch  vertical  dividing  strip  divided  each  column 
into  two  8  by  24  inch  sections,  as  indicated.  This 
division  was  made  in  order  to  permit  the  withdrawal  of 
samples  of  wet  concrete  without  disturbing  the  con- 
crete from  wdiich  the  cores  were  to  be  drilled. 

A  total  of  33  columns  were  cast.  With  the  exception 
of  series  K,  which  consisted  of  one  1 2-foot  column  only, 
they  were  constructed  in  sets  of  four,  one  of  each  of  the 
four  heights  being  cast  on  the  same  day.  Various  con- 
sistencies were  employed,  ranging  from  2  to  S  inch 
slump,  as  well  as  two  methods  of  consolidating,  hand 
spading  and  vibrating  with  an  electric  vibrator  attached 
to  the  form.  Table  1  gives  the  consistency  and  method 
of  compacting  employed  in  each  series  of  four  columns. 


Table  1.- 


-Consistcncy   and   method   of  compaction    used   in 
series 


each 


Series 

."Vverage 

slump  in 

inches 

Method  of 
compaction 

Series 

Average 

slump  in 

inches 

Method  of 
compaction 

A     --- 

4 
8 
4 
3 
4 

Spaded. 

Do. 
Vibrated. 

Do. 
Spaded. 

F.. 

8 
2 

Spaded. 

B                 .  .       . 

G     .- 

Vibrated. 

C              

H 

Do.i 

D      

K2 

Do. 

E 

1  Sides  and  ends  of  forms  also  spaded. 
'  12-foot  column  only  cast. 

3  Slump  of  concrete  in  the  lower  1  foot,  2  inches. 
II  feet,  4  inches 


Slump  of  concrete  in  remaining 


June,  1932 


PUBLIC    ROADS 


65 


ALL      COLUMNS     S"   THICK 

x'^ 

o'3 

X 

CONCRETE     Fon    CYLINDERS    AND 

^NALr 

.3— , 

x'^ 

o'^ 

CORES    DRILLED v                      / 

x" 

-IS 

y8 

o» 

x" 

o' 

!6 

o'** 

h^'-t-=H 

- 

o" 

x'° 

o'° 

.17 

2 

b 

__^_ 

y" 

o" 

,,16 

o'® 

1 

^2 

o' 

,3 

_^ 

7 

^7 

„I2 

i<i 

o" 

X"l    O'^    LOCATION    OF    CORES    AND    CYLINDERS 
REFERRED    To    IN    TEXT    AND     TABLES 


Figure  2. — Location    of  Concrete    Specimens   Taken 
From  Columns 


A  1:2:4  dry-rodded  volume  mix,  the  aggregates  being 
Potomac  River  sand  and  gravel,  was  used  throughout 
the  series.  The  results  of  tests  on  the  cement  are  given 
in  Table  2  and  the  results  of  tests  on  the  aggregates  in 
Tables  3  and  4.  It  will  be  noted  that  a  relatively  fine 
sand  having  a  fineness  modulus  of  2.49  was  employed. 
This  is  somewhat  finer  than  the  concrete  sands  employed 
in  general  in  the  Northern  .States,  but  is  similar  to  the 
grading  of  many  natural  sands  in  other  parts  of  the 
coimtry. 

Table  2. —  Teats  of  cement 

Fineness,  percentage  retained  on  200-mesh  sieve 7.  S 

Time  of  set  (Gillmore) — 

Initial 2  hours  35  minutes 

Final 6  hours  00  minutes 

Soundness Satisfactory 

Normal  consistency,  per  cent 24 

TENSILE  8THEXGTH 
[Pounds  per  square  inch.  1:3  Ottawa  sand  mortar  briquets] 


Table   3. — Tests   of  fine  aggregate 
Sieve  analysis: 

Total  retained  on — ■  rercent 

No.  4  sieve 1 

No.  8  sieve 10 

No.  16  sieve .    20 

No.  30  sieve 40 

No.  50  sieve 83 

No.  100  sieve 95 

Fineness  modulus 2.  49 

Silt  and  clay,  per  cent 2.  8 

Apparent  specific  gravity 2.  65 

Weight  per  cubic  foot  (dry-rodded),  pounds 100 

Table  4 — Tests  of  coarse  aggregate 
Sieve  analysis; 

Total  retained  on —  Per  lent 

l'-4  inch  sieve 0 

3'4-inch  sieve 5 

?8-inch  sieve 65 

No.  4  sieve 97 

Fineness  modulus 6.  67 

Apparent  specific  gravity 2.  55 

Weight  per  cubic  foot  (dry-rodded),  pound.s 102 

Percentage  aljsorjition — 

30  minutes .85 

24  hours .91 

tion  in  the  buggies  was  divided  between  the  two  sections 
of  the  forms.  Cylinders  were  made  from  concrete 
taken  from  the  mixer  as  the  columns  were  being  cast. 
In  Figure  3  a  general  view  of   the  project  is  shown. 


Iday 

3  days 

1 
7  days    28  days 

180 
170 

155 

290 
315 
305 

345     ]      425 
430     1       420 
370           425 

Average  170    j      305 

380           425 

The  concrete  was  mixed  one  minute  in  a  1-sack 
mixer.  Water  was  added  at  the  mixer  until  the  re- 
quired slump  was  obtained  and  this  amount  plus  the 
free  water  in  the  aggregates  was  taken  as  the  total 
from  which  the  water-cement  ratios  at  time  of  mixing 
(shown  in  fig.  11)  were  computed. 

The  forms  Mere  placed  on  a  grade  so  that  the  top  of 
the  12-foot  forms  was  only  about  5  feet  above  the  top 
of  the  3-foot  forms  A  scaffold  was  built  from  the 
mixer  to  the  forms  and  the  concrete  hauled  in  buggies 
and  dumped  directly  into  the  fornis,  each  buggy 
depositing  a  layer  of  concrete  about  9  inches  in  depth. 
The  buggies  were  dumped  in  such  a  way  that  the  con- 
crete from  the  left  side  of  the  buggy  went  into  that  sec- 
tion of  the  form  from  which  concrete  for  analysis  and  cyl- 
inders were  taken,  while  that  from  the  right  side  of  the 
buggy  went  into  that  section  from  which  the  cores  were 
drilled.     By  this  method  of  manipulation  any  segrega- 


Ee,. 


FiouRE  3. — General  View  Showing  Hardened  Columns 
i)F   Different  Heights,   and  Forms   Being   Reset 

There  were  two  methods  used  for  compacting  the 
concrete,  spading  and  vibrating.  The  spading  method 
was  as  follows:  After  each  buggy  was  dumped  the  sides 
and  ends  of  the  forms  were  s])aded  with  a  sidewalk 
scraper  with  1-inch  holes  punched  in  it  to  permit  the 
fine  material  to  come  in  contact  with  the  form.  The 
concrete  was  then  cut  with  a  vertical  movement  of  tne 
spading  tool  18  times,  6  times  in  the  center,  and  G  times 
each  in  two  places  about  midway  between  the  center 
and  the  ends.  Two  men  spaded  simultaneously,  one 
man  spading  the  right  section  while  the  other  man 
spaded  the  left.  (See  fig.  4.)  In  all  cases  the  spading 
tools  were  driven  down  into  the  previous  layer  of  con- 
crete. This  ])rocedure  was  continued  until  the  form 
was  filled,  after  which  the  top  was  struck  off  and  wet 
burlap  applied.  The  method  of  vibrating  was  as  fol- 
lows: The  electric  vil)rators  were  attached  to  the  forms 
by  clamping  them  to  the  2  by  4  inch  battens  as  shown 
in  Figure  5.  Each  vibrator  consisted  essentially  of  an 
electric  motor  carrying  an  eccentric  weiglit  on  the  shaft 
and  operating  at  a  frcfpicncy  of  3,600  vibrations  per 
minute.  On  the  3-foot  forms  one  vibrator, clamped  in 
one  position   near  the   top,   was  used.      On   the  (i-foot 
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FlGUKE  4.- 


-Showino  Method  of  Simultaneous  Spadinc 

ANb   ViBRATI.NG 


Figure   5. 


-Vibrator   Clamped    to    Batten    of   6-Foot 

Form 


the  pitted  faces  of  the  vibrated  columns.  Figure  6 
shows  this  condition.  The  cohunn  shown  in  the  center 
background  was  vibrated  while  those  in  the  right  and 
left  foreground  were  spaded.  The  tests  indicated  that 
spading  the  sides  of  the  forms  dining  vibration  mate- 
rially reduced  the  amount  of  surface  pitting.  In  all 
cases  wet  burlap  was  applied  as  soon  as  the  forms  were 
filled  as  in  the  spaded  series. 

It  was  found  necessary  to  t)race  and  tie  the  form  very 
seciu'ely  when  using  the  vibrators  in  order  to  avoid 
springing  the  forms. 

Series  K  (12-foot  column  only)  was  placed  in  order 
to  study  the  efi'ect  of  excessive  vibration.  No  samples 
were  taken  for  analysis  or  cylinders  fabricated  but  cores 
were  drilled  as  in  the  other  series.  In  this  series  the 
vibrators  were  ])laced  on  opposite  sides  of  the  forms  at 
the  same  elevation  and  moved  up  with  the  level  of  the 
concrete  as  the  form  was  filled.  By  this  method  the 
form  was  given  considerably  more  vibration  than  in 
the  case  of  anv  other  series. 


forms  one  vibrator  was  used  but  was  moved  from  near 
the  bottom  to  a  position  a])0ut  two-thirds  up,  as  the 
form  was  filled.  On  the  O-foot  forms  two  vibrators, 
placed  on  o])posite  sides,  were  used.  They  were  stag- 
gered as  t(i  height  and  the  lower  vibrator  was  moved  up 
to  a  position  near  the  top  as  the  forms  were  filled.  On 
the  12-foot  forms  (for  series  C  and  D),  two  vibrators 
were  used  in  a  manner  similar  to  that  used  on  the  9-foot 


forms.  In  series  G,  H,  and  K,  botli  vibrators  were 
placed  on  the  same  side.  This  was  done  in  order  to 
permit  the  installation  of  pressure  cells  for  measuring 
the  pressure  exerted  by  the  wet  concrete.  The  results 
of  tests  for  distribution  of  prcssm-e  was  published  in 
Public  Roads,  vol.  12,  No.  1,  March,  1931.  In  series 
C  the  vibrators  were  rim  only  a  sufficient  length  of 
time  (5  to  20  seconds)  after  each  buggy  was  dumped 
to  level  oft"  the  concrete.  In  the  other  vibrated  series 
the  vil)rators  were  run  continuously  while  the  forms 
were  being  fified.  In  scries  H  the  forms  were  spaded 
on  the  sides  and  ends  in  addition  to  being  vibrated. 
This  was  done  in  or<h>r  to  eliminate  as  far  as  possible 


Figure  6. — Showing  Pitted  Surface  on  Top  of  Center 
Column,  a  Condition  Typical  of  Vibrated  Columns. 
Columns  to  Left  and  Right  Spaded 

The  concrete  for  analysis  was  taken  to  the  laboratory 
and  the  water-cement  ratio  and  cement  aggregate  ratio 
determined  by  the  method  described  by  Prof.  W.  M. 
Dunagan  in  the  Journal  of  the  American  Concrete  In- 
stitute, December,  1929.  The  cyhnders  were  made 
and  stored  adjacent  to  the  columns.  After  24  hours 
both  the  column  and  cylinder  forms  were  removed,  and 
no  further  curing  provided. 

At  an  approximate  age  of  4  months  the  columns  were 
placed  in  a  horizontal  position  and  cores  drilled  at  the 
points  indicated  in  Figure  2. 

All  cylinders  and  cores  were  then  capped  and  stored 
in  the  open  until  an  age  of  6  months,  when  they  were 
tested  for  compression  after  immersing  in  water  for  24 
hours.  Both  cylinders  and  cores  were  tested  in  a 
200,000-pound  universal  testing  machine.  The  cores 
were  ap])roximately  5.7  inches  in  diameter  and  S  inches 
high  and  a  correction  factor  was  applied  to  make  the 
strength  corres])ond  to  a  specimen  having  a  height 
equal  to  twice  its  diameter. 

RESULTS   OF  INVESTIGATION   DISCUSSED 

Segregation  determ'nied  by  crnalysis  of  fresh  concrete. — - 
In  Table  5  will  be  found  the  volumes  of  cement  to 
total  combined  aggregates  and  the  water-cement  ratios 
for  each  sample  of  concrete  taken  from  the  forms  before 
setting.  The  method  used  in  making  these  deter- 
minations, as  proposed  by  Professor  Dunagan,  consists 


June.  1932 


PUBLIC    ROADS 


67 


of  weighing  the  sample  of  concrete  in  air  and  in  water, 
then  separating  the  cement,  fine  and  coarse  aggregate, 
by  washing  through  suitable  screens  and  reweighing 
each  in  water.  Frona  these  weights  and  the  s])ecific 
gravities  of  the  materials,  the  weights  in  air  are  com- 
puted. The  simi  of  these  weights  subtracted  from  the 
original  weight  gives  the  weight  of  water.  Knowing 
the  weight  of  water,  cement,  fine  and  coarse  aggregate, 
the  mix  may  be  readily  computed.  In  these  tests  no 
attempt  was  made  to  separate  the  fine  and  coarse 
aggregate  so  that  the  mix  determinations  are  given  as 
one  part  of  cement  to  parts  of  combined  fine  and  coarse 
aggregate  by  volume.  A  No.  100  sieve  was  used  to 
separate  the  cement  from  the  aggregate,  correction 
being  made  for  the  percentage  of  cement  retained  and 
percentage  of  sand  passing  the  same  sieve.  In  working 
with  the  fine  and  coarse  aggregate  combined,  it  was 
necessary  to  use  one  specific  gravity.  Inasmuch  as  the 
gravity  of  the  sand  was  somewhat  higher  than  that  of 
the  gravel,  a  weighted  value  was  used  assuming  the  sand 
and  gravel  to  be  present  in  the  proportion  of  1  to  2. 

The  values  given  in  Table  5  are  shown  for  the  6  and 
9  foot  columns  in  Figure  7  and  for  the  12-foot  columns 
in  Figure  8.  Values  for  the  3-foot  columns  are  not 
shown  in  plotted  form. 

Table  5. — Segregation  as  determined  hy  analysis  of  fresh  concrete 
3-FOOT  COLUMNS 


Parts  of  total  combined  aggregate  '  Water-cement  ratio,  cubic  feet  of 
to  1  part  of  cement                        water  to  1  sack  of  cement 

Sample 
NO. 

Series                                                 Series 

A 

B 

C 

D 

4  8 

E 

4  8 

F 

5.3 

6.2 
6.4 

G 

5.6 
6.2 
5.1 

H      A  j  B 

6.2l0.85il.00 
6.  2|  .  98   .  96 
5.  8   .  76   .  91 

C 

n  83 

D  1   E 
0.  85'o.  81 

F 

0.89 
.95 
.96 

G 

0.93 
.91 
.82 

H 

1_   

5.2 

7.6 
5.4 

5.4 
5.8 
5.8 

5.4 
5.9 
6.2 

0  80 

2 __ 

3 

5.6 
6.4 

5.9 
6.2 

.88 
.87 

.  83l  .  87 
.85    .91 

.84 
.79 

6-FOOT 

COLUMNS 

4 

5.2 

4.8 

.■).  2 

4.  6'  5.  3'  5.  3' 

6.2 

.82 

.  9S   .  83 

.79i 

.87 

.91 

.86 

5 

6.0 

5.8 

6.0 

5.9    6.0    5.7, 

6.1 

.8: 

.  93j  .  97 

.81 

.81 

.87 

.89 

6 

5.7 

5.8 

5.4 

5.7    5.5    6.1 

6.2 

5.0 

.79 

1.02 

.84 

.83 

.95 

.91 

.68 

7.. 

5.7 

5.8 

5.5 

5.  8    6.  0,  6.  0 

5.9 

5.6 

.79 

.92 

.83 

.83 

.83 

.83 

.87 

.79 

9-FOOT 

COLUMNS 

8 

5  3 

4  7 

5.5    5.0    5.5 

5.3    5.7    6.0 

80 

92 

.83    .84 

86 

93 

83 

79 

9 

5.3 

5.6 

5,1 

5.5    5.9 

6.  1 

5.  8   6.  5 

.79 

.93 

.84    .86 

.84 

.92 

.88 

.84 

10-. 

5.5 

5.6 

5.3 

5.4    5.3 

5.4 

6.1    5.8 

77 

.96 

.85    .82 

.79 

.84 

.86 

.70 

11 

5.6 

5.1 

5.4 

5.7    5.3 

5.7 

6.1:  5.1 

.82 

.83 

.82,  .82 

.75 

.92. 

.79 

.74 

12 

5.4 

5.8 

5.8 

5.9    5.5 

5.6 

6.  6    5.  4 

.75 

.88 

.86    .87 

.80 

.87 

.86 

.73 

12-FOOT  COLUMNS 

13 

4.8 

4.1 

5.0    5.4 

4.7 

5.0    5.6 

6.4 

.79    .92 

.79 

.79   .781 

.861  .85 

.89 

14.. 

5.3 

5.1 

5.2i  5.8 

5.6 

5.  7|  6.  5 

5.1 

.81    .98 

.80 

.  76   .  83 

.87,  .81 

.69 

15 

5.8 

6.1 

5.1    6.0 

5.4 

5.  5    6.  1 

5.8 

1.06    .94 

.78 

.95    .77 

.84    .87 

.71 

16. 

5.6 

5.4 

5.5    5.5 

.5.3 

5.  6|  6.7 

6.  1 

.89   .85 

.80 

.75   .79 

.86    .85 

.  77 

17 

5.8 

5.9 

5.  3    5.  6 

.'i,4 

6.  ll  6.3 

6.3 

.82    .87 

.80 

.  76   .  75' 

.  961  .  83 

.80 

18. 

5.5 

5.8 

5.3    5.6 

.5.4 

5.7,  5.7 

6.3 

.82    .91 

.78' 

.74    .75; 

.89   .78 

.  72 

19 

5.4 

5.6 

5.  4    5,  7 

5.7 

6.0    6.0 

1 

5.9 

.  86   .  84 

.81 

.76   .81 

.90    .76 

.68 

Before  discussing  these  data,  attention  shoiild  be 
called  to  the  fact  that  individual  rather  than  average 
results  are  shown.  Each  plotted  point  in  Figures  7 
and  8,  therefore,  represents  the  result  of  a  single  test 
on  one  sample  of  concrete  taken  from  the  indicated 
portion  of  the  structure.  Too  great  significance  should 
not  be  attached  to  individual  test  results  as  such. 
Instead,  an  effort  should  be  made  to  ascertain  what,  if 
any,  general  trends  appear  to  exist,  as  regards  (1)  the 
relative  amount  of  cement  in  terms  of  the  volume  of 
concrete  and  (2)  the  relative  amounts  of  water  in  terms 
of  the  volume  of  cement  (the  water-cement  ratio). 
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Figure  7. — Resiilts  of  Tests  to  Determine  Uniformity 

OF  Composition  of  Co.n'crete  in  9  and  6  Foot  Columns 
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Figure  8. — Results  of  Tests  to  Determine  Uniformity 
OF  Composition  of  Concrete  in  12-Foot  Columns 

From  an  examination  of  the  variations  in  cement 
content,  as  plotted  in  the  upper  portions  of  each 
diagram  in  Figures  7  and  8,  it  will  be  observed  that 
there  is  a  distinct  tendency  for  the  cement  content  to 
increase  near  the  top  of  the  columns.  In  17  out  of  24 
cases,  the  sample  at  tlie  extreme  top  showed  more  ce- 
ment than  any  other  position.  This,  however,  is  only 
a  very  general  relation,  the  individual  values  not  being 
very  consistent  except  in  a  few  cases,  such  as  cohanns 
D-9  and  G-9.  In  columns  H-6  and  H-9  the  tendency 
is  in  the  other  direction.  In  still  other  cases,  the 
individual  values  vary  quite  widely  without  any 
apparent  reason.  In  spite  of  the  many  individual  (hs- 
crepancies,  however,  there  seems  to  be  a  general 
tendency  along  the  line  indicated;  that  is,  a  somewhat 
richer  mix  at  the  top  of  the  columns.  The  effect  of 
this  variation  in  cement  content  on  strength  is  discussed 
in  the  next  section  of  this  report. 

Referring  now  to  the  variations  in  water-cement 
ratios,  as  plotted  in  the  lower  part  of  each  diagram  in 
Figures  7  and  8,  we  find  that  a  slight  tendency  toward 
increased  water  content  at  the  toj)  of  the  columns  is 
shown  in  some  cases.     The  individual  results,  however. 
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vary  quite  widely.  Here  again  we  are  confronted  with 
the  fact  that  each  point  represents  but  one  test  result, 
with  a  consequently  increased  tendency  for  experi- 
mental errors  to  affect  the  results. 

It  is  reasonable  to  suppose  that  water  gain,  if  occur- 
ring at  all,  would  develop  in  series  B  and  F,  the  two 
sections  in  which  8-inch  slump  concrete,  spaded  in  the 
forms,  was  used.  In  Figures  7  and  8  it  will  be  seen 
that  for  series  B  and  F  there  is,  with  the  exception  of 
column  F-12,  a  general  tendency  in  all  cases  for  water 
to  increase  toward  the  top.  In  only  one  case,  however, 
F-9,  is  the  maximum  water  found  in  the  very  top 
sample.  In  general,  it  may  be  said  that,  in  so  far  as 
the  segregation  test  was  able  to  measure,  there  was  no 
serious  water  gain  in  any  of  these  columns.  This  con- 
clusion is  verified  by  visual  inspection  made  during 
the  placing  of  the  columns.  No  marked  water  gain 
was  noted  in  any  case. 

Segregation  determined  by  strength  tests. — As  pre- 
viously noted,  concrete  strength  specimens  were 
obtained  from  various  portions  of  each  column,  both 
by  molding  6  by  12  inch  cylinders  from  samples  of 
concrete  taken  from  the  ports  and  by  drilling  cores 
from  corresponding  locations  in  the  columns.  Tests 
on  these  specimens  may  also  be  compared  to  tests  on 
samples  of  concrete  taken  just  after  mixing  and  before 
placing  in  the  forms. 
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Figure  9. — Results  of  Tests  to  Determine  Uniformity  of 
Strength  of  Concrete  in  9  and  6  Foot  Columns 

The  results  of  these  strength  tests  are  shown  in  detail 
in  Table  6  and  are  plotted  for  the  6,  9,  and  12  foot 
columns  in  Figures  9   and   10.     Here  also,   attention 


Table  6. — Strength  tests  of  concrete.      Values  given  are  compressive  strengths  in  pounds  per  square  inch 

3-FOOT  COLUMNS 


Series  A 

Seri 

es  B 
Cores 

Series  C 

Series  D 

Series  E 

Seri 

esF 
Cores 

Series  G 

Series  H 

Series 
K 

Specimen  No. 

Cylin- 
der.s 

3, 450 
3,180 
3,080 

Cores 

Cylin- 
ders 

Cylin- 
ders 

Cores 

4,070 
3,150 
3,030 

Cylin- 
ders 

3,870 
3,  750 
3,700 

Cores 

Cylin- 
ders 

Core.s 

Cylin- 
ders 

Cylin- 
ders 

Cores 

Cylin- 
ders 

Cores 

Cores 

1 

3,780 
3,700 
3,100 

2,480 
2,620 
2,  680 

3,290 
2,710 
2,200 

4,130 
3. 630 
3,500 

3,  590 
3,540 
3,610 

3,790 
3,720 
3,  610 

3,260 
3,900 
3,370 

2,810 

2,710 
2,960 

2,820 
3,120 
2,860 

3,210 
3,180 
3,140 

3,460 
3,080 
2,880 

4,330 
3,440 
4,240 

4,350 
3,500 
3,930 

2.._ 

3 

Average 

3,  236 

3,526 

2,593 

2,733 

3,753 

3,416 

3,773 

3,580 

3,706 

.3,510 

2.826 

2,933 

3,176 

3,140 

4,003 

3,926 

6-FOOT  COLUMNS 

3,280 
5,850 
3,510 
2,680 

4 

5 

6 

7. 

3,710 
3,830 
4,000 
4.100 

3,790 
3,780 

""3,"  800" 

2,940 
2,910 
3,000 
3,410 

2.  650 
3,210 
2,  550 
3,380 

3,  570 
3,  7.80 
4.150 
4,000 

3,500 
3,680 
3,  620 
3,500 

3,780 
3,730 
3,  660 
3,  650 

3,780 
3,380 
3,160 
3,350 

3,800 
3,930 
3,990 
4,  210 

3,600 
4,220 
3,920 
4,000 

3,380 
3, 120 
2,980 
3,520 

2,910 
3,000 
2,780 
3,360 

3,180 
3.  260 
3,000 
3,040 

3, 630 
3,060 
2,  640 
2,  500 

•  3,  500 
3,400 
4,890 
3,370 

Average 

3.910 

3,790 

3, 065 

2,947 

3,875 

3, 575  1     3,  705 

3,417 

3,982 

3,934 

3,250 

3,012 

3.120 

2,957 

3,790 

3,830 

9-FOOT  COLUMNS 

8 

3.930 
3,410 
3,  560 
3.670 
3,840 

4,010 
4,040 
3,  760 
4,010 
4,070 

3.  180 
2,  980 
3,250 
3,920 
3,420 

2,870 
2,870 
3,020 
3,040 
2.850 

4,230 
4,110 
4.030 
3,800 
3,080 

3  840      s  qnn 

4,100 
3,630 
3,960 
3,830 
3,370 

3, 850 
3,900 
4,250 
4,080 
4,550 

4,400 
4,  170 
4,370 
3.710 
4.000 

3,080 
2,790 
3,110 
2,840 
3,350 

3,160 
3,080 
3.  010 
2,910 
2,  870 

3,730 
3,  140 
3,  190 
3,460 
3,  270 

3,050 
3,420 
3,  670 
3,910 
2,950 

4,200 
3,870 
3,690 
3,360 
4,040 

3, 860 
5,440 
7,040 
6,220 
5,710 

9 

10 __._ 

11 

12 

3,500 
3,740 
3,460 
3,430 

3,  670 
4.010 
3,720 
3,930 

Average 

3,  682 

3,978 

3,  350 

2,930 

3.  970 

3,594 

3,846 

3,778 

4,  126 

4.130 

3,034 

3.  006 

3.  358 

3,520 

3,  832 

5,  654 

12-FOOT  COLUMNS 

13 

3,960 
3,  610 
3,820 
3,450 
3,320 
3,720 
3,650 

4,070 
4,340 
3,950 
3,740 
3,580 
3,590 
3,780 

2,740 
2,  620 
2,870 
2,950 
3,010 
2,760 
3,250 

3,080 
2,840 
2,650 
2,850 
2,760 
2,950 
2,820 

3.  950 
3.  460 
4.000 
4,110 
.3,910 
.3,  570 
3,800 

4,120 
2,  990 
3,570 
3,870 
3,930 
3.820 
3,800 

3,850 
4,380 
4,170 
4.560 
3,430 
3.830 
3,960 

4,280 
4,290 
3  860 

4,310 

4,270 
4  fisn 

4,100 
4,670 
4,500 
4,010 
4.  140 
4.010 
3,  690 

3,050 
2,  860 
3.360 
3.280 
3.420 
3,200 
3,780 

3,250 
3,  100 
3,210 
3.310 
2,  980 
3.170 
3,040 

2.990 
3,270 
3,  110 
2,920 
3,490 
3,  670 
3,  500 

3,170 
3,  680 
3,070 
3,040 
2,790 
2,810 
3,050 

3,710 
4,200 
4.060 
3.  860 
3,620 
3,790 
4,150 

4,770 
5,640 
4,320 
4,050 
5,380 
5,980 
6,670 

3,  920 
3  240 

14. 

15 

2,900 

16 

3  930       ■!  ^"^1 

17 

3,720 
3,390 
3,330 

4,  450 
4.400 
3, 820 

18 

4  330 

19 

6.630 

Average 

3,647 

3,864 

2,886 

2,850 

3,828 

3,728 

4,025 

3,828 

4,326 

4,160 

3,278 

3. 151 

3,278 

3,087 

3,913 

5,258 

Grand  average  all  lieight.s 

3.  647 

3,827 

3,000 

2,873 

3,864 

3,612 

3,871 

3,689 

4,103 

4,002 

3,137 

3.049 

3,250 

3,182 

3,880 

4,851 

SPECIMENS  TAKEN  FROM  MIXER 

3,450 
3,660 

2,670    

2,670 

3,800 
3.830 
3,800 

3,  280 
3,820 
3,610 

3,630 
4,330 
3,920 

1 

2,430    

3,000    

2,670    

2,  930 
2,  910 
3.170 

4,000 
4,  360 
4,180 

! 

Average. 

3,555 

2,670  i 

3,810 

3,  570 

3,900 

\     2,700    

3.003 

4,180 
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FiorRE   10. — Results  of  Tests  to   Determine  Unifokmitv 
OF  Strength  of  Concrete   in   12-rooT  Columns 


case,  that  is,  series  H,  is  there  serious  disagreement. 
In  this  series,  in  wliich  the  concrete  was  both  vibrated 
and  spaded,  tlie  tests  on  the  cores  gave  in  general  much 
higher  strengths  than  those  on  the  cyhnders.  This 
series  contains  the  (hiest-  concrete  used  in  tlie  experi- 
ment, 2-inch  shunp,  and  it  is  possi})h>  tliat  under  these 
conditions  vibration  consohdated  tlio  concrete  sulh- 
ciently  to  increase  the  strcngtli  of  core  specimens 
considerably  beyond  the  results  obtained  on  the  cylin- 
ders. In  no  otlier  series  did  the  cores  from  the  vibrated 
concrete  show  appreciably  higher  results  than  the 
cylinders.  As  a  matter  of  fact  the  average  core 
strengths,  as  shown  by  Table  6  and  in  Figure  11,  were 
somewhat  lower.  The  conclusion  is  reached,  thcref<n-e, 
that,  in  general,  vibration  did  not  increase  the  crushing 
strength  of  the  concrete.  Also,  there  appears  to  be  no 
general  tendency  for  either  increased  or  decreased 
strength  in  the  tops  of  the  columns.  This  checks  the 
residts  of  the  segregation  tests  and  further  indicates 
that  no  serious  segregation  developed  under  these 
conditions. 

In  Figure  11  are  shown  the  average  results  of  tests 
for  strength  as  well  as  the  average  water-cement  ratios 
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Figure  11. — Relation  Between  Strength  of  Concrete  Taken  From  Mixer  and  That  Taken  From  Columns. 
Figure  Also  Shows  Water-Cement  Ratios  Obtained  at  Time  of  Mixing  and  Those  Obtained  From 
Analysis   of  Fresh  Concrete 


should  be  called  to  the  fact  that  results  of  tests  on  indi- 
vidual specimens  are  shown  and  that  therefore  the 
same  degree  of  concordance  should  not  be  expected  as 
when  average  results  representing  a  number  of  indi- 
vidual tests  are  given. 

In  spite  of  this,  the  results  seem  to  be  reasonably 
concordant.  Attention  may  be  called  especially  to  the 
agreement  between  the  results  of  tests  on  the  cylinders 
as  compared  to  the  corresponding  cores.     In  only  one 


for  each  series  of  cohnnns.  With  the  exce])tion  of  the 
vahies  for  water-cement  ratio  as  determined  at  the  mixer 
(that  is,  the  amount  of  water  that  went  into  the  con- 
crete with  projjcr  allowance  for  moisture  in  the  aggre- 
gates) the  data  are  taken  from  Tables  4  and  5.  Each 
vahie  represents  the  average  of  all  of  the  individual 
determinations  made  on  each  of  the  four  cohmins  mak- 
ing up  the  series.    With  one  or  two  exceptions,  then, 

(Coiitiiuicci  on  I).  72) 
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(Continued  from  p.  63) 

50  feet  to  the  riglit  of  the  center  Une  at  station  17^00 
before  drainage  revealed  a  depth  of  muck  of  6  feet. 
Nine  months  later  this  had  consolidated  to  4.75  feet. 
This  represents  a  loss  of  54,450  cubic  feet   per  acre. 

Figure  8  sliows  a  series  of  photographs  taken  at  or 
near  station  10  +  00  at  different  stages  of  the  work,  from 
the  construction  of  a  surface  drainage  ditch  to  the 
completion  of  the  road  surface. 

As  a  result  of  the  drainage  this  soil,  which  a  few 
months  before  failed  to  support  the  power  shovel  on 
rafts,  carried  heavih*  loaded  material  trucks  and  grading 
was  completed  ^\^thout  difliculty. 

Thus,  this  soil  was  improved  by  the  very  means 
which  might  have  been  the  least  efi'ective  under  other 
circumstances. 

The  method  employed  was  successful  in  this  instance 
only  because  of  the  peculiar  topographic  features  en- 
countered in  combination  with  certain  physical  prop- 
erties possessed  to  such  a  marked  degree  by  the  muck 
soil.  The  decision  as  to  proper  methods  of  stabilization 
was  possible  only  as  a  result  of  thorough  knowledge  of 
all  the  factors  involved. 

(Continued  from  p.  69) 

each  value  represents  the  average  of  nineteen  individ- 
ual tests.  This  chart  indicates  quite  clearly  that  the 
crushing  strength  of  the  concrete  as  determined  by  cylin- 
der tests  on  samples  taken  as  the  mixer  was  discharged 
approximated  very  closely  the  actual  average  strength 
of  the  concrete  in  the  colunm,  as  determined  either  by 
molding  cylinders  of  concrete  taken  from  the  forms  or 
by  means  of  cores  drilled  from  the  hardened  concrete. 

The  data  also  indicate  that  the  average  net  water- 
cement  ratio  as  determined  by  the  Dunagan  analysis 
approximately  one  hour  after  the  concrete  had  been 
placed  was  about  0.1  less  than  the  net  water-cement 
ratio  at  the  time  of  mixing. 

The  results  of  strength  tests  of  cores  on  the  une  12- 
foot  column  (series  K)  are  shown  in  Figure  12.  As 
previously  explained  this  column  was  vibrated,  but  in 
a  more  severe  manner  than  any  other  series.  The 
concrete  going  into  the  bottom  of  this  form  (represented 
by  core  19)  appeared  dry,  so  the  consistency  was 
changed  from  a  2-inch  shimp  to  a  4-inch  slum])  after 
about  2  feet  of  concrete  had  been  placed.  While  this 
change  in  water-cement  ratio  would  naturally  result  in 
a  higher  strength  at  the  bottom  of  the  column  than  at 
the  top,  the  difference  in  strength  is  greater  than  would 
be  expected  from  this  caiise  alone.  The  severe  viln-ation 
is  proba})ly  responsible  for  some  of  this  difference  for 
it  will  be  observed  that  the  strength  increases  from  a 
point  9  feet  from  the  bottom  to  a  maximum  at  a  point 
1  foot  from  the  bottom.  It  also  increases  from  the  9- 
foot  mark  as  the  top  is  approached.  In  series  H  the 
curve  for  the  12-foot  column  has  the  same  general 
trend.  (See  fig.  10.)  It  would  appear  from  the  above 
that  the  strength  of  the  concrete  is  not  appreciably 
affected  by  compacting  it  either  by  spading  or  moderate 
vibration  as  was  done  on  series  A  to  series  G,  inclusive. 
When  the  two  methods  are  combined,  or  when  the 
vibration  is  of  a  more  severe  nature,  as  in  series  H  and 
series  K,  a  marked  effect  is  produced. 

CONCI,USIONS 

The  conclusions  derived  from  this  study  are  naturnlly 
restricted  in  their  ap])lication  to  conditions  comparable 
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Figure  12. — Compressive  Strength  of  Cores  Obtained 
From    Series    K,   Which  was  Subjected  to  Severe 

ViBltATION 

to  those  under  which  the  tests  were  conducted.  These 
conditions  include  a  range  in  slump  from  2  to  8  inches; 
placing  by  both  spading  and  vibratory  methods;  forms 
8  inches  in  width;  and  a  fine  aggregate  of  relatively 
fine  sand.    The  conclusions  are: 

1.  No  serious  segregation  of  concrete  or  water  gain 
took  place.  This  conclusion  applies  for  a  range  in 
slump  varying  from  2  to  8  inches  and  for  both  the  spad- 
ing method  and  the  vibratory  method  of  placing.  In 
this  connection,  attention  is  called  to  the  fact  that  forms 
only  8  inches  in  width  were  employed  in  these  tests  and 
also  that  a  relatively  fine  sand  was  used.  Both  of  these 
factors  probably  contributed  considerably  to  the  ab- 
sence of  serious  segregation. 

2.  With  the  exception  of  the  one  series  of  tests  in 
which  the  concrete  was  both  spaded  and  vibrated  (series 
H),  the  method  of  placing  by  vibration  produced  con- 
crete having  about  the  same  average  strength  and 
uniformity  as  similar  concrete  placed  by  spading. 

3.  A  combination  of  spading  and  vibration  appeared  to 
increase  the  strength  of  the  concrete  considerably  beyond 
the  strength  obtained  by  either  spading  or  vibrating  alone. 

4.  With  the  exception  of  one  series  of  tests  (series  H), 
the  average  strength  of  concrete  as  determined  by 
cores  drilled  from  the  columns  was  approximately  the 
same  as  the  strength  of  the  concrete  determined  by 
tests  on  samples  taken  as  the  mixer  was  discharged. 

5.  The  net  water-cement  ratio  taken  approximately 
one  hour  after  the  concrete  had  been  placed  averaged 
about  0.1  less  than  the  net  water-cement  ratio  at  time 
of  mixing. 

The  bureau  wishes  to  acknowledge  the  courtesy  of 
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THE  DESIGN  OF  STREET  AND  HIGHWAY 

INTERSECTIONS 


By  L.  S.  TUTTLE  and  E.  H.  HOLMES,  Assistant  Highway  Economists,  United  States  Bureau  of  Public  Roads  » 


TWO  general  methods  of  solving  the  i)rol)lcms  and 
difficulties  created  by  the  increase  in  volume  and 
speed  of  traffic  have  been  developed.  One  method 
of  control  regulates  traffic  movement  by  such  artificial 
means  as  driving  rules,  city  ordinances,  traffic  officers, 
or  signal  devices,  while  the  other  seeks  to  minimize  the 
necessity  of  artificial  restrictive  measures  through  the 
physical  design  of  streets  and  highways  for  the  free 
flow  of  traffic. 

This  paper  deals  with  two  classes  of  intersections, 
those  where  traffic  volume  necessitates  regulation  and 
those  where  faulty  design  requires  it.  It  is  proposed  to 
show  how  in  certain  instances  intersections  may  be 
developed  which  will  obviate  all  control  devices  and 
rely  solely  upon  the  physical  construction  of  the  various 
details  to  induce  drivers  to  take  the  proper  course 
voluntarily,  to  give  preference  to  the  major  traffic 
without  too  severely  penalizing  the  minor  traffic,  and, 
when  some  control  device  is  absolutely  necessary,  to 
facilitate  its  operation  by  the  proper  physical  design. 

INCREASED  EFFICIENCY  FOR  EXISTING  INTERSECTIONS  THROUGH 
MINOR  CHANGES  IN  PHYSICAL  LAYOUT 

Curb  radii. — A  detail  warranting  most  careful  con- 
sideration in  intersection  design  is  the  radius  of  the 
curves  rounding  off  the  curbs  of  the  intersecting  streets. 
Cutting  back  the  curbs  at  existing  intersections  to 
facilitate  the  right  turn  movement  is  a  simple  and 
effective  device  for  increasing  intersection  efficiency, 
particularly  where  the  percentage  of  right  turns  is 
large. 

A  proper  curb  radius  is  one  which  can  be  followed  by 
the  vehicle  having  the  largest  normal  inside  turning 
radius.  The  largest  radius  which  will  be  required  for 
any  but  an  exceptional  passenger  car  is  under  25  feet, 
but  various  types  of  trucks  and  busses  have  larger 
inside  turning  radii.  It  should  not  be  necessary  to 
provide  for  an  occasional  vehicle  having  a  40-foot 
turning  radius,  but  it  is  absolutely  necessary  for  efficient 
intersection  operation  that  the  radius  be  sufficient  to 
allow  the  normal  veliicle  to  follow  the  curb  in  turning 
and,  for  tlais  reason,  a  curb  radius  of  30  feet  is  recom- 
mended as  a  minimum  for  lughway  intersections  and  is 
incorporated  in  all  the  designs  presented. 

For  street  intersections  this  rule  applies  only  when  the 
vehicle  making  the  turn  approaches  in  the  outside  lane 
of  the  roadway.  Such  would  not  be  the  case  if  parking 
were  permitted  along  the  intersecting  streets  and, 
while  a  30-foot  radius  would  be  entirely  satisfactory 
from  the  traffic  viewpoint  in  tliis  case,  it  may  unneces- 
sarily restrict  sidewalk  area.  In  this  instance  the 
proper  turning  radius  depends  not  only  on  the  vehicular 
requirements,  but  also  on  the  sidewalk  'wddth  and 
parking  restrictions.  If  parking  is  restricted  for  a 
distance  back  of  the  intersection  to  allow  another  lane 
of  traffic  to  collect  while  waiting  for  a  signal,  then  the 
radius  should  be  the  same  as  for  an  open  highway 
intersection,  but  in  the  case  of  the  intersection  of  minor 
streets  where  there  is  no  control  and  consequently  no 
accumulated  stoppage,  parking  should  not  be  restricted 
so  severel}^  and  so  a  design  for  curb  rounding  as  sho\vn 
in  Figure  1  should  be  developed. 
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The  above  discussion  concerns  only  the  minimum 
turning  radius  of  vehicles  and  results  in  a  turn  which 
restricts  the  speed  to  approximately  12  miles  per  hour. 
Obviously,  in  the  case  of  an  outlying  intersection  where 
land  is  available,  it  would  be  desirable  to  increase  this 
turning  radius  to  some  figure  which  would  permit  higher 
speeds.  This  step  becomes  important  at  heavily  trav- 
eled intersections.  If  the  speed  which  would  be  main- 
tained provided  there  were  no  turning  traffic  is  20  miles 
per  hour  and  the  radius  of  the  curb  of  the  intersection 
is  such  that  only  12  miles  per  hour  can  be  maintained 
in  the  turning,  turning  traffic  will  unnecessarily  retard 
through  traffic,  materially  reducing  the  capacity  of  the 
intersection.  Therefore,  it  is  advisable  to  design  the 
turning  radius  to  accommodate  the  same  speed  which 
would  be  maintained  by  traffic  moving  straight  through 
the  intersection,  except  where  a  heavy  pedestrian  move- 
ment will  control  the  turning  speed. 


ROUNDED  FOR  PROPER  TURM- 
ING  RADIUS,  SERIOUSLY  DE- 
CREASES SIDEWALK  WIDTH 


7   PARKING   LANE    | 


SHORT  RADIUS  CURB;  EFFECTIVE 
WHERE  PARKING  IS  PERMITTED. 


Figure  1.- — Design  of  Short-Radius  Curb 

The  speed  which  will  be  maintained  around  a  curve 
will  vary  with  the  individual  driver,  but  usually  will 
not  exceed  that  at  which  passengers  begin  to  feel  dis- 
comfort. This  discomfort  results  from  the  effort  to 
maintain  an  erect  position  in  overcoming  the  centrifugal 
force  resulting  from  the  deflection  from  a  straight  course. 

In  order  to  determine  the  uncomfortable  rate  of  de- 
flection a  series  of  test  runs  were  made  around  curves  of 
various  radii  in  a  coupe  and  also  in  a  sedan,  both  in  the 
lower  price  range.  When  it  became  necessary  for  the 
occupants  to  exert  a  distinct  effort  to  remain  erect,  a 
speedometer  reading  was  taken.  While  this  method 
was  rough,  the  observed  speeds  plotted  against  the  radii 
gave  a  remarkably  smooth  curve,  the  two  cars  showing 
close  agreement.  Theorectically  the  curve  should  be 
a  parabola  since  the  centrifugal  force  varies  as  the 
square  of  the  speed.  A  parabola  was  accordingly  fitted 
to  the  data  b}'  the  method  of  least  squares,  resulting  in 
the  following  formula: 

i?  =  0.22  V~ 
where  R  is  the  radius  of  curvature  in  feet  and  Vis  the 
speed  in  miles  per  hour.  The  comfortable  rate  of  do- 
flection  as  computed  from  this  formula  is  9.7  feet  per 
second  per  second,  and  the  tendency'-  to  skid  is  0.3  the 
weight  of  the  vehicle,  which  would  be  generally  accepted 


"Digested   from  a   thesis  prepared  for  tlie  masters'  degree  at  Albert   Kussel 
Erskine  Bureau  for  Street  Traffic  Research,  Harvard  University. 
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as  a  safe  condition.     Computed  comfortable  speeds  for 
various  radii  of  curvature  are  given  in  Table  1. 

It  is  obvious  that  higher  speeds  may  be  maintained 
with  safety,  and,  if  the  curve  is  followed  for  only  a 
short  distance,  without  particular  discomfort. 

Table  1. —  Comfortuhle  drivmcj  speeds  for  various  radii  of  curpoturc 


Radius 

Speed 

Radius 

Speed 

Radius 

Speed 

Miles  per 

Allies  per 

Miles  per 

Fed. 

hour 

Feel 

hour 

Feet 

hour 

20 

10 

200 

30 

fiOO 

52 

HO 

12 

250 

34 

700 

5(3 

50 

15 

300 

37 

800 

(10 

100 

21 

400 

43 

150 

2fi 

500 

48 

Splayed  intersections. — Closely  related  to  the  improve- 
ment of  curb  radii  is  the  practice  of  splaying  or  widen- 
ing the  roadways  at  the  intersection.  This  device  has 
been  used  in  many  places.  Siiccessful  examples  are 
found  in  Cook  t^ounty,  111.  and  in  Reno  County,  Kans. 
The  Illinois  design  provides  an  additional  lane  on  either 
side  of  the  pavement  for  a  distance  of  300  feet  from  the 
intersection.  The  Kansas  design  eliminates  the  inter- 
section altogether  for  turning  traffic  l)y  providing  turn- 
ing roads  of  200  foot  radius.  Such  treatment  reduces 
congestion  by  removing  much  or  all  of  the  turning 
movement  from  the  intersection  area.  The  design  of 
an  intersection  of  this  type  depends  upon  the  locality, 
the  available  right  of  way,  the  volume  and  character 
of  traffic,  and  the  percentage  of  turning  movement. 
A  suggested  design  is  shown  in  Figure  2. 


'     10 


Figure  2. — Intersection    of    Two    30-foot    Roadways 
Splayed  for  Turning 

At  heavily  traveled  intersections  where  control 
methods  result  in  considerable  stoppage,  splaying  may 
prove  advantageous  to  through  traffic  as  well  as  to 
turning  traffic,  by  permitting  the  accumulation  of 
vehicles  in  a  greater  number  of  lanes,  with  a  resultant 
shoi-teuing  of  the  waiting  lines.  Before  splaying  an 
intersection  for  this  purpose,  care  must  be  taken  that 
the  greater  number  of  lanes  may  be  accommodated 
beyond  the  intersection  to  such  a  point  that  the 
vehicles  may  resume  their  travel  in  the  normal  number 
of  lanes.     Each  additional  lane  of  width  increases  the 


pedestrian  hazard,  and  necessitates  a  longer  clearance 
period  in  the  control  device. 

Islands. — To  facilitate  movement  and  to  prevent 
confusion,  islands  may  be  installed  within  the  inter- 
section or  in  the  entering  streets.  This  is  especially 
helpful  when  splaying  or  wide  streets  result  in  an 
intersection  of  extensive  area. 

Medial  strij:)s  are  useful  where  it  is  desirable  to  sep- 
arate opposing  traffic  movements  and  at  the  intersec- 
tion of  wide  routes  where  proper  alignment  on  either 
side  of  the  cross  streets  is  difficult.  The  width  should 
be  at  least  4  feet  and  should  be  varied  to  such  an 
extent  that  the  area  remaining  on  either  side  can  be 
divided  into  10-foot  traffic  lanes,  with  the  possibility 
of  one  7  or  8  foot  ])arking  lane.  The  construction  may 
be  concrete  or  a  curb-inclosed  grassed  or  planted  area. 
In  any  case,  the  curb  height  should  be  from  8  to  10 
inches  and  the  end  confronting  traffic  amply  protected 
at  night  by  a  flashing  or  reflecting  beacon. 

Directional  islands  are  normally  located  in  the  throats 
of  the  streets  composing  the  intersection  and  their  size 
and  shape  must  be  very  carefully  considered  in  order 
that  they  will  assist  rather  than  hinder  the  flow  of  traffic 
through  the  intersection.  They  ai'e  normally  placed  in 
a  dead  area  and  are  shaped  according  to  the  desired 
flow  of  traffic.  The  islands  should  extend  into  the 
throats  of  the  entering  streets  for  such  a  distance  that 
there  can  be  no  mistake  as  to  the  route  to  be  followed 
and,  in  case  the  islands  are  to  be  used  for  pedestrian 
safety  zones,  they  must  extend  to  a  point  beyond  the 
crosswalk  and  be  amply  flood-lighted. 

The  natural  tendency  for  a  driver  is  to  continue  in  a 
straight  line  unless  compelled  to  change  his  route 
because  of  external  conditions.  Therefore,  it  is  im- 
perative that  these  islands,  intended  to  align  traffic 
properly,  be  so  designed  that  the  obvious  route  for  a 
driver  to  follow  as  he  passes  the  island  is  the  route  which 
will  bring  about  the  most  eft'ective  operation  of  the 
intersection. 

Directional  islands  may  often  be  located  nearer  the 
center  of  the  intersection  to  deUinit  a  neutral  area  which 
otherwise  would  be  a  point  of  conflict  for  several  lanes 
of  traffic.  The  sides  of  islands  of  this  sort  which  ve- 
hicles are  expected  to  follow  in  turning  must  have  a 
radius  which  fidfiUs  the  requirements  previously  stated 
under  curb  radii. 

Many  times  directional  islands  are  located  at  the 
center  of  the  intersection  to  serve  merely  as  a  point 
about  which  traffic  turning  left  must  proceed.  In  this 
case,  it  is  not  necessary  to  have  a  minimum  radius  as 
specified  above,  for  the  vehicle  does  not  follow  the 
island  for  any  appreciable  distance.  The  island  here 
merely  serves  to  indicate  to  the  driver  the  route  which 
will  least  interfere  with  the  opposing  traffic.  Its  loca- 
tion must  be  such  that  any  vehicle  turning  about  it, 
presumably  to  the  left,  will  be  able  to  do  so  at  a  con- 
venient turning  radius  and  will  not  be  required  to 
swing  out  either  before  or  after  passing  it  with  conse- 
quent fouling  of  other  lines  of  traffic.  It  will  be  noted 
that  the  ordinary  flashing  beacons  so  often  seen  at  the 
center  of  intersections  fall  under  this  classification  and 
their  location  should  be  determined  in  the  above, 
manner.  Ap])lications  of  this  theory  are  shown  in  the 
designs  which  accompany  this  article. 

KOTARY  TRAFFIC 

Rotary  traffic  is  here  defined  as  the  movement  of 
vehicles  around  a  traffic  cii-cle  or  squai'e  in  one  direction 
only.  Such  traffic  circles  and  squares  are  usually 
formed  by  the  convergence  of  several  streets.     Where 
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the  rotary  system  is  in  opoi-atioii,  voliicles  iiro  ivciuircd 
to  oxocuto  a  right  turn  upon  ontering  the  <■ir(•k^,  ])ro- 
eeed  around  the  eircle  to  the  riglit,  interweaving  with 
the  traflie  aheady  upon  the  eiroular  roadway  and  leave 
at  the  desired  exit  hy  means  of  a  right  turn.  T\w 
eirele  should  he  so  designed  that  no  vehiele  can  pass 
directly  through  the  intersection.  In  effect  this  plan 
creates  a  cij'cxdai-  1-way  street  wliich  can  be  entejcd 
or  left  only  l)y  means  of  a  right  turn,  no  left  tuj'iis  being 
permitted.  The  rotary  tj-aflic  phm  intends  a  non-stop 
flow  of  traffic  although  in  special  cases  it  has  been 
found  necessary  to  control  traffic  by  ofhcers  or  lights 
for  the  convenience  of  pedestrians. 

The  rotary  movement  of  traffic  is  graphically  ])ic- 
tured  in  Figure  3,  a  typical  design  for  the  right-angled 
intersection  of  two  4-lane  streets  or  highways,  the  paths 
of  the  vehicles  being  indicated  by  means  of  arrows. 
It  will  be  observed  that  there  are  four  points  of  conflict, 
one  such  point  arising  about  halfway  betw^een  any  two 
entering  streets.  The  basic  theory  of  the  system  pre- 
supposes that  actual  conflict  will  be  reduced  to  a  mini- 
mum since  entering  vehicles  are  forced  by  the  form  of 
the  intersection  to  interweave  with  the  traffic  already 
upon  the  circular  roadway  by  proceeding  in  the  same 
direction.  The  two  traffic  streams  converge  and  mingle 
and  there  is  no  direct  conflict  of  direction.  The  flatter 
the  angle  of  convergence  the  easier  and  more  efficient 
is  the  interweaving  process.  This  angle  of  convergence 
bears  an  inverse  relationship  to  the  diameter  of  the 
central  island,  the  angle  decreasing  as  the  diametei-  is 
increased.  However,  there  are  factors  which  limit  the 
size  of  the  central  island,  such  as  the  amoimt  of  land 
available  and  the  greater  inconvenience  to  the  traffic  as 
the  length  of  travel  about  the  cii-cle  is  increased. 

Tke  central  island. — The  function  of  the  central  island 
is  to  produce  a  true  rotary  movement.  For  best  re- 
sults, conflicting  streams  of  traffic  should  converge  at  an 
oblique  angle  and  there  should  be  sufficient  length  of 
roadway  between  entering  streets  for  a  complete  and 
easy  interweaving  of  vehicles.  The  shape  and  size  of 
the  central  island  or  obstruction  around  which  traffic  is 
required  to  pass,  therefore,  has  a  marked  influence  on 
the  efficiency  with  which  traffic  is  handled.  Ordinarily 
the  circular  form  of  central  island  is  desirable  as  best 
fulfilling  the  above  conditions,  but  for  intersections  of 
radical  design  special  forms  of  central  island  will  be 
required.  At  a  right-angled  intersection  where  the 
traffic  is  much  heavier  on  one  street  than  on  the  other 
it  is  usually  desirable  to  give  traffic  on  the  major  road 
preference  by  using  an  elliptical  form  of  central  island, 
the  long  axis  of  the  ellipse  coinciding  with  the  axis  of 
the  major  route.  By  this  method  the  traffic  on  the 
major  route  is  given  the  advantage  of  easy  curves  at 
the  intersection  and  will  be  able  to  pass  through  with 
greater  speed  and  less  delay  than  traffic  crossing  the 
major  route.  Cross  traffic  will  be  forced  to  slow  down 
considerably  and  will  filter  through  the  main  traffic  or 
turn  into  the  main  traffic  stream  when  op])oitunity 
ofi'ers  with  a  minimum  of  delay  to  the  major  traffic. 

The  size  of  the  central  island  is  a  function  of  the  con- 
venient turning  radius  of  vehicles  and  the  length  be- 
tween the  entering  sti'eets  i-ecpiired  for  the  interweaving 
of  vehicles.  Where  traffic  volume  is  large,  this  distance 
should  be  at  least  100  feet  for  efficient  opei-ation  al- 
though satisfactory  results  have  been  obtained  wh(>re 
the  interweaving  distance  is  considerably  less.  It  has 
been  observed,  however,  that  where  less  than  100  (Vet 
is  provided,  the  speed  of  movement  is  considerably 
reduced  as  the  traffic  increases  in  volume. 


The  size  of  the  central  island  from  the  point  of  view 
of  the  speed  which  nuiy  be  maintained  through  the  circle 
may  be  determined  from  Table  1.  As  mentioned  be- 
fore, this  table  is  conservative  and  tlie  speeds  will  vary 
greatly  with  the  individual  drivei-'s  idea  as  to  what 
constitutes  a  comfortable  turning  speed;  but  it.  does 
serve  as  an  indication  of  the  possibilities  of  a  design  of 
this  sort. 

The  radius  of  the  central  island  is  not  the  only  factor 
which  controls  the  sj)eed  of  vehicles  through  the  rotary 
intersection,  ft  would  appear  from  Table  1  that  a 
central  island  with  a  radius  of  400  feet  would  permit 
vehicles  to  pass  through  at  a  speed  of  ap])r().\imately  40 
miles  per  hour.  Such  would  not  be  the  case  in  prac- 
tice. Vehicles  would  necessarily  be  retard(>d  l)v  the 
interweaving  of  contticting  strciinis  of  traffic.  Speed 
studies  on  several  rotary  intersections  iiulicate  that 
average  speed  of  vehicles  in  passing  through  tlie  inter- 
section is  between  15  and  20  miles  per  liour. 


FLASHING  BEACON 
DIRECTION  SIGN 


BRAKIHG  OISTANCE 
rOR   LAWFUL  LiPLEO 


»-- caution  sign 

Figure  3.^ — Recommended  Design  for  Rotary  Intersec- 
tion WITH  Central  Island  of  Minimum  Diameter 

The  traffic  studies  at  Lee  Circle,  New  Orleans,  show 
that  during  the  maximum  hour  2,543  vehicles  passed 
through  the  circle  and  that  the  average  speed  during 
that  time  was  between  10  and  19  miles  per  hour. 
Several  observations  at  the  rotary  traffic  intersection 
of  Old  Colony  Avenue  and  Columbia  Road,  Boston, 
indicate  that  the  average  speed  thi-ough  this  circle  is 
between  15  and  20  miles  per  hour.  While  the  radius 
of  the  central  island  at  Lee  Circle  is  140  feet  and  the 
radius  at  Old  Colony  Avenue  and  C\)lumbia  Road  is 
only  88  feet,  the  average  speeds  of  vehicles  ])assing 
through  the  intersections  are  remarkably  similar. 

Observations  at  tiiese  two  intersections  and  others 
indicate  that  an  average  speed  of  15  to  20  miles  per 
hour  is  safe  and  that  interweaving  of  traffic  can  be  ac- 
coinplish(>d  at  this  speed  satisfactorily.  It  is  believed 
that  speeds  much  in  excess  of  20  miles  per  hour  are 
dangerous  except  where  the  int(M-section  has  been  de- 
signed along  the  elliptical  form  to  pass  traffic  upon  a 
major  route  with  a  minimum  of  delay,  and  where  cross 
traffic  is  light  and  turning  movement  negligible. 

()l)servations  of  actual  interscM'tions  indicate  that 
central  islands  should  not  be  desiirned  with  radii  of  less 
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than  75  feet.  At  the  customary  right-angled  inter- 
section of  two  40-foot  roadways,  a  central  island 
with  a  radius  of  75  feet  will  allow  vehicles  to  pass 
around  the  island  comfortably  at  a  speed  of  about  20 
miles  per  hour  and  will  also  give  a  satisfactory  distance 
between  the  entering  streets  for  the  interweaving  of 
traffic. 

Width  of  rotary  driveivay. — In  an  effort  to  determine  a 
logical  theory  of  design  for  the  width  of  the  rotary 
driveway,  the  following  formula  has  been  evolved  as  a 
basis  from  which  to  work.  A  symmetrical  case  is  as- 
sumed, as  shown  in  Figure  4  and  all  traffic  is  assumed 
to  pass  directly  through  the  circle,  making  no  right  or 
left  turns.  It  is  also  assumed  that  traffic  streams  oc- 
cupy the  same  width  upon  the  circular  roadway  as 
upon  the  entering  streets.  This  is  believed  to  be  the 
case  in  practice.  Observations  show  that  there  is  little 
or  no  tendency  for  vehicles  to  cut  out  and  pass  each 
other  while  upon  the  rotary  driveway  and  it  has  also 
been  shown  that  there  is  little  increase  in  the  capacity 
of  a  lane  of  traffic,  measured  in  vehicles  per  hour,  as  the 
speed  of  vehicles  increases  above  15  miles  per  hour. 
In  other  words,  while  a  stream  of  traffic  approaching  a 
rotary  intersection  might  be  slowed  from  an  average 
speed  of  30  miles  per  hour  to  an  average  speed  of  15 
miles  per  hour,  the  capacity  of  such  a  lane  would  not  be 
materially  decreased  and  there  would  be  no  tendency 
for  the  traffic  stream  to  become  broader. 


Figure  4. 


-Diagram  Illustratikg  Required  Width  of 
IloTARY  Driveway 


At  any  point  where  the  traffic  on  the  circle  is  of  maxi- 
mum wddth,  as  between  two  successive  entering  streets, 
it  may  be  readily  proved  that  this  maximum  width  is 
the  sum  of  the  entering  traffic  upon  one-half  of  the 
circle.  For  example,  if  we  consider  one-half  of  the 
entering  streets  in  the  accompanying  diagram,  streets 
Nos.  1,  2,  3,  and  4,  the  width  of  the  traffic  stream  on 
the  circle  just  past  street  No.  4  will  be  1,000  +  1,000  + 
600  +  400  =  3,000  cars  per  hour  (here  the  term  "width 
of  traffic  stream"  is  understood  to  mean  the  graphic 
width  of  the  l)and  representing  traffic  density).     If  we 


let  t  designate  traffic  density  upon  the  entering  streets 
and  T  the  traffic  density  upon  the  circle,  the  density  of 
the  stream  at  a  maximum  point  upon  the  circle  may  be 
expressed  as  follows: 

^       t,+t2  +  t^+ /„ 


As  the  ultimate  capacity  of  any  street  is  in  general 
determined  by  the  number  of  traffic  lanes  upon  that 
street,  it  seems  desirable  to  express  the  width  of  the 
circular  roadway  in  terms  of  the  total  number  of 
traffic  lanes  on  the  streets  entering  the  circle.  If  both 
entering  and  leaving  lanes  of  traffic  be  included,  the 
total  must  be  divided  by  4  instead  of  2  to  hold  the  same 
relation,  as  there  are  as  many  lanes  entering  as  leaving 
the  circle.  The  width  of  the  circular  roadway  may 
then  be  expressed  in  terms  of  the  total  number  of 
traffic  lanes  as  follows: 

Sum  of  all  traffic  lanes 
Number  of  traffic  lanes^      of  entering  streets 
of  circular  driveway  4 

Any  such  formula  must  necessarily  be  modified  in 
practice.  In  any  case,  it  seems  desirable  to  have  at 
least  two  traffic  lanes  upon  the  circular  driveway,  one 
for  cars  passing  through  and  one  for  cars  making  right 
turns.  It  is  also  doubtful  if  more  than  six  lanes  are 
desirable.  Large  open  spaces  tend  to  confuse  drivers 
and  the  traffic  pattern  tends  to  lose  an  orderly  channel- 
ized form.  Widths  as  great  as  six  traffic  lanes  require 
lane  markers,  which  are  objectionable  upon  the  rotary 
driveway. 

Ctvrb  radii. — Curb  radii  should  in  all  cases  correspond 
as  nearly  as  possible  to  the  radius  of  the  central  island. 
It  has  been  observed  that  where  curb  radii  are  small, 
traffic  tends  to  make  the  turn  upon  entering  the  circle 
as  broad  as  is  convenient,  with  the  result  that  vehicles 
are  carried  away  from  the  outer  edge  of  the  circular 
drive,  and  a  large  percentage  of  unused  pavement 
results.  In  Figure  8,  F  is  shown  a  trafficp  attern  of 
the  Old  Colony  Avenue-Columbia  Road  Circle  in 
Boston.  This  pattern  clearly  shows  the  eft'ect  of  short 
curb  radii.  In  this  case,  approximately  20  per  cent  of 
the  total  area  of  the  circular  driveway  was  never  used 
by  traffic. 

At  this  point  it  may  also  be  pointed  out  that  reverse 
curves  made  by  curb  radii  and  the  outer  edge  of  the 
circular  drive  are  ignored  by  traffic.  It  is  much  better 
to  follow  this  traffic  tendency  in  design  and  to  eliminate 
such  reverse  curves  by  making  the  outer  edge  of  the 
drive  in  effect  a  square  or  a  polygon,  as  shown  in 
Figure  3. 

Directional  islands. — Directional  islands  here  refer 
to  obstructions  in  the  throats  of  the  streets  entering  a 
traffic  circle,  the  principal  purpose  of  which  is  to  chan- 
nelize the  entering  traffic  and  to  direct  it  into  the 
rotary  traffic  stream  at  an  oblique  angle.  The  shape 
of  the  island  should  be  such  that  the  entering  traffic 
is  properly  guided  in  its  movement  and  that  no  vehicle 
can  break  out  of  line  to  take  an  undesired  course  into 
the  rotor.  This  effect  is  best  attained  by  the  use  of 
triangular  islands,  which  are  naturally  formed  by  the 
traffic  pattern,  the  base  of  the  island  being  an  arc 
concentric  with  the  central  island  and  the  apex  extend- 
ing well  up  into  the  entering  street.  The  photograph 
of  Scott  Circle,  Washington,  D.  C.  (fig.  5),  shows  very 
clearly  the  dead  space  at  the  entrances  of  the  con- 
verging streets  which  traffic  does  not  use  and  which 
should  determine  the  shape  and  position  of  the  islands. 
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Figure  5.- — View  of  jScott  Circle,  Washington,  D.  C,  Showing  Areas  Unused  by  Traffic  at  Entrances  of  Converging 

Streets 


In  designing  the  sides  of  the  ishmds  it  is  important 
to  bear  in  mind  tlie  basic  principh?  that  in  so  far  as  is 
possible  the  routes  followed  should  be  the  natural 
routes  of  the  traffic.  The  sides  should,  therefore,  be 
arcs  concentric  with  the  curl)s  of  the  entering  streets 
and  so  terminated  that  traffic  entering  the  circle  is 
released  parallel  to  a  tangent  to  the  central  island  and 
traffic  leaving  the  circle  is  not  deflected  from  a  straight 
line  course,  paralleling  a  tangent  to  the  central  island. 

The  width  of  pavement  necessary  between  the  base 
of  any  one  of  the  directional  islands  and  the  central 
island  should  not  be  greater  than  that  required  to 
provide  for  the  expected  volume  of  traffic  at  that  point. 
In  the  case  of  a  right-angled  intersection  of  two  4-lane 
streets  or  highways  carrying  an  equal  volume  of  traffic, 
the  necessary  width  is  two  traffic  lanes.  In  this  case, 
where  traffic  negotiates  a  curve  of  comparatively  small 
radius,  it  is  recommended  that  12-foot  lanes  be 
provided. 

For  the  sake  of  appearance  and  permanency,  the 
directional  islands  should  be  constructed  of  concrete 
or  masonry  curbing,  inclosing  a  graveled  or  sodded 
area.  Where  the  location  of  the  rotary  intersection  is 
such  that  pedestrian  traffic  must  be  provided  for,  the 
directional  islands  will  also  function  as  pedestrian  safety 
islands  and  should  be  so  constructed.  The  surface  of 
the  island  should  be  given  a  rough  finish  to  insure  safe 
footing  and  the  end  of  the  island  farthest  away  from 
the  intersection  should  be  provided  with  a  concrete 
buttress  or  post  to  protect  pedestrians  from  reckless 
motorists.  The  buttress  will  also  serve  to  support  a 
directional  sign. 


Signs. — In  addition  to  the  directional  islands,  traffic 
should  be  guided  in  its  movement  by  appropriate  signs. 
Such  signs  should  serve  two  purposes:  First,  as  a  warn- 
ing to  approaching  vehicles  of  the  rotor  which  they  are 
about  to  enter  and  the  necessity  of  proceeding  with  due 
caution;  and,  second,  as  a  means  of  directing  traffic 
movement  on  the  rotor.  In  existing  circles  this  purpose 
is  usually  acconii)lished  by  a  series  of  warning  signs 
upon  the  entering  streets  and  1-way  arrows  at  appro- 
priate points  upon  the  circle.  A  logical  system  of  sign- 
ing is  indicated  in  Figure  3. 

Minimum  and  maximum  designs. — In  order  to  illus- 
trate the  application  of  the  theories  developed  in  the 
preceding  discussion,  two  typical  designs  have  been 
prepared,  one  suggested  as  the  minimum  desirable 
installation,  while  the  other  is  intended  as  an  example 
of  the  maximum  size  beyond  which  no  improvement 
in  operation  may  be  gained. 

As  the  rotary  installation  requires  considerably  more 
area  than  the  ordinary  intez'section,  the  cost  of  the 
extra  land  will  limit  the  size  of  the  circle  at  many 
locations.  The  design  decided  upon  will  be  the  result 
of  balancing  t.he  cost  of  land  against  the  size  necessary 
for  efficient  operation. 

The  design  shown  in  Figure  3  is  suggested  as  the 
minimum  desirable  circle  for  the  intersection  of  two 
4-lane  highways  or  streets  and  should  be  applied  at  a 
location  where  land  values  are  relatively  high  and 
traffic  speeds  are  moderate. 

The  basic  requirement  which  should  determine  the 
minimum  size  is  the  distance  necessary  for  easy  inter- 
weaving of  the  vehicles  and  the  angles  at  which  con- 
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verging  lanes  approach  each  other.  As  previously 
noted,  the  interweaving  distance  should  not  be  less 
than  100  feet  for  good  operation  and  the  angle  of 
convergence  should  not  exceed  30°.  In  the  present 
design,  these  requirements  are  satisfied  by  a  central 
island  150  feet  in  diameter  as  the  distance  between 
any  two  consecutive  directional  islands  is  100  feet  and 
the  angle  between  any  two  conflicting  lanes  of  traffic 
is  less  than  30°. 

A  central  island  150  feet  in  diameter  gives  a  turning 
radius  of  75  feet  and  satisfies  the  rnininurm  conditions 
for  convenient  operation,  permitting  a  speed  of  about 
20  miles  per  hour  around  the  circle. 

It  will  be  noted  that  the  curb  radii  are  also  75  feet 
to  correspond  with  the  radius  of  the  central  island  and 
that  the  outer  curbs  of  the  circular  roadway  are  straight 
sections  joining  the  curbs  of  the  enteiing  streets.  This 
facilitates  the  right  turning  movement,  for  the  same 
speed  may  be  maintained  when  turning  right  as  w'hen 
proceeding  through  the  circle.  There  is  no  tendency 
to  swing  out  into  the  traffic  upon  the  circle  and  all  the 
pavement  area  is  utilized. 

The  islands  in  tiie  throats  of  the  enteiing  streets 
occupy  the  area  which  would  normally  not  be  used  by 
traffic  and  are  so  shaped  that  they  channelize  the  traffic 
movement,  but  in  no  way  interfere  with  the  natural 
routes.  The  sides  of  the  islands  are  circular  arcs, 
24  feet  from  and  concentric  with  the  curbs  of  the  enter- 
ing streets,  while  the  base  in  each  case  is  an  arc  con- 
centric with  the  central  island  and  24  feet  from  it. 
This  allows  for  two  12-foot  lanes  on  all  sides  of  the 
island,  the  lane  width  recommended  for  curves  of  com- 
paratively small  radius.  The  sides  of  ttie  islands  are  so 
shaped  that  traffic  is  released  on  a  tangent  to  the  circle 
and  appro])riate  warning  and  dii-ections  are  provided. 
As  sliown  in  the  diagram,  tne  roadway  is  designed  to 
carry  two  lanes  of  traffic  on  all  parts  of  the  circle  with 
provision  for  four  lanes  between  entering  streets. 

The  diagi'am  of  the  ])ossible  traffic  paths  would 
indicate  16  possible  conflict  points.  A  condition  such 
as  this  would  probal)ly  never  exist,  even  in  the  heaviest 
traffic.  For  illustration,  consider  the  case  of  a  driver 
going  straig.ht  through  the  circle.  When  there  were 
two  lanes  nioving  on  the  circle,  his  tendency  would  be 
to  remain  in  the  outer  lane  and  to  head  directly  for  t.he 
exit  street  on  passing  the  central  island.  If,  however, 
he  wished  to  make  a  left  turn,  following  around  the 
rotor  for  270°,  he  would  in  all  probability  enter  the 
outer  lane  of  traffic  and  at  the  first  oppoitunity  move 
into  the  inner  lane  next  to  the  i-otor,  remaining  there 
until  he  approached  the  street  on  which  he  intended  to 
leave  the  circle.  When  an  opportunity  offered,  he 
would  mingle  with  the  vehicles  in  the  outer  lane  and 
leave  on  a  tangent  as  did  the  first  driver. 

If  the  drivers  acted  as  outlined  above,  which  is  a 
reasonable  assumption,  they  would  cut  only  the  two 
lanes  of  traffic  upon  the  circle  and  this  reduces  the  num- 
ber of  conHict  points  to  a  possib'e  maximum  of  eight, 
or  one  for  each  lane  of  traffic.  There  will  ordinai'ily 
be  but  a  single  line  of  traffic  around  the  rotor  and  i)roba- 
bly  one  on  each  entering  street,  thus  reducing  the 
number  of  conflict  points  to  four. 

Since  land  values  and  costs  fluctuate  widely,  there 
has  been  no  attempt  to  estimate  the  cost  of  constructing 
the  traffic  cijrle  illustrated  in  Figure  3.  However, 
the  following  coniparison  of  the  rotary  design  with  an 


ordinary  intersection  is  made,  100-foot  rights  of  way 
being  assumed  for  each  of  the  highways : 


Item 

Rotary 

Ordinary 
intersec- 
tion 

E.xcess 

Grading 

Square 

yards 

6,400 

3,716 

2,697 

Square 
yards 
3,600 
3,600 

None. 

Square 
yards 
2  800 

Paving _ 

116 

Island  area 

2  697 

Approximately  1,800  square  yards  of  land  will  be  re- 
quired in  addition  to  that  included  in  100-foot  rights  of 
way. 

In  many  cases,  where  land  is  less  expensive  and  the 
acquisition  of  extra  land  at  the  intersection  is  not  an 
important  consideration,  the  size  of  the  circle  may  be 
increased  to  good  advantage.  In  the  design  suggested 
as  a  minimum,  the  entering  lines  of  traffic  intersect  those 
leaving  at  the  next  street  at  an  angle  of  approximately 
30°.  As  the  diameter  of  the  rotor  and  the  curb  radii  of 
the  entering  streets  are  increased,  this  angle  becomes 
smaller  until  at. some  point  the  entering  and  leaving 
lanes  become  tangent  to  the  rotary  traffic  lanes,  as 
shown  in  Figure  6. 


FLASHING  BEAC 
DIRECTION  5IGN 


Figure  6.^ — Recommended  Design  for  a  Rotary  Inter- 
section WITH  Central  Island  of  Maximum  Diameter 

It  is  obvious  that  any  further  increase  in  the  diameter 
of  the  circle  will  not  result  in  a  corresponding  improve- 
ment in  operation.  The  entering  lanes  of  one  street 
merely  become  tangent  to  the  rotary  movement  before 
the  exit  lanes  of  the  next  successive  street  leave  it  and, 
in  addition,  it  becomes  necessary  to  introduce  the 
objectionable  reverse  curve  in  the  outer  curb. 

The  physical  features  of  this  circle  are  designed  in 
accordance  with  the  general  principles  followed  in  the 
design  of  the  minimum  circle.  The  central  island  and 
the  curbs  of  t.he  entering  streets  are  of  equal  radius  and 
the  straight  outer  edge  of  the  circular  roadway  elimi- 
nates the  reverse  curve  in  turning  right.  The  islands 
are  designed  accoi'ding  to  the  traffic  pattern  and  since 
the  distance  between  islands  is  much  greater  than  is 
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the  case  of  tlio  siiuillor  cii'ck',  (lio  roadway  widtli  may 
be  less  and  still  pei'init  easy  iiit(M\veaviii<j. 

From  the  standpoint  of  eflicicMit  operation,  this  circle 
is  the  laj'gest  that  should  l)e  used.  Thoj-o  is  no  conflict, 
between  enterin<i:  and  leaviii<2;  lanes  and  with  reasonably 
skillful  drivini;  there  should  be  no  conflict  of  traflic  lanes 
upon  the  circle.  The  only  reduction  of  sj)eed  is  occa- 
sioned by  vehicles  interweaving  and  jockeying  for  ])osi- 
tion.  Table  1  indicates  that  speeds  of  30  miles  per  hour 
may  be  maintained  on  the  circular  roadway  with  com- 
fort. A  circle  of  this  sort  would  be  rarely  installed,  but 
it  may  be  advantageously  used  at  the  intersection  of  two 
heavily  traveled  rural  highways  or  at  such  locations  as 
parkways,  civic  centers,  and  the  like. 

The  land  required  in  excess  of  the  lOO-foot  liglit  of 
way  is  approximately  14,500  square  yards,  and  the 
quantities  are  as  follows: 


Item 

Circle 

Ordinary 
intersec- 
tion 

Excess 

ririiding 

Square 
ytinh 
27.  800 
y,  SOO 
18,  00(1 
1  5,  7 10 

Stiftftre 

yiirilx 

7,  000 

7,  000 

Xiine. 

1  ;t,  120 

SiiiKire 
iinrdu 
2(1,  800 

Paving 

2.  SOd 

Island  area 

Curbing 

18.  00(1 
1  2,02(1 

'  Linear  feet 

AdaptabUlty  of  rotary  traffic. — In  conclusion,  it  may 
be  well  to  point  out  the  advantages  of  the  rotary 
traffic  system  and  to  suggest  the  limiting  conditions 
which  will  determine  the  expediency  of  its  application 
at  a  particular  location.  The  greatest  apparent  ad- 
vantage of  rotary  traflic  is  that  in  theory  it  presupposes 
a  continuous  movement  of  traffic,  direct  conflict  of 
vehicles  and  the  troublesome  left  turn  being  eliminated 
by  the  device  of  compelling  all  traffic  to  proceed  in  one 
direction  around  a  circular  drive.  The  system  is 
capable,  therefore,  of  handling  a  large  volume  of 
traffic  witli  little  delay. 

Another  very  distinct  advantage  is  the  reduction  in 
accident  loss.  The  shape  of  the  true  rotary  inter- 
section is  such  that  traffic  is  compelled  to  slow  down 
and  the  paths  of  vehicles  do  not  cross  at  right  angles, 
but  rather  converge  and  interweave.  Any  accident 
which  occurs,  therefore,  is  the  result  of  a  small  dif- 
ferential of  speed,  a  following  car  colliding  with  a 
slower  vehicle  proceeding  in  the  same  direction,  or 
side-swiping  a  vehicle  during  the  interweaving  process. 
Head-on  collision,  or  a  right-angled  conflict  of  vehicles, 
is  virtually  impossible. 

That  safety  is  improved  by  rotary  traffic  is  evidenced 
by  Table  2,  which  gives  the  experience  in  Los  Angeles, 
Calif.,  before  and  after  the  installation  of  a  traffic 
circle. 

In  spite  of  these  obvious  advantages  there  are 
several  disadvantages  which  seriously  restrict  the  ap- 
plication of  rotary  traffic  in  the  ideal  symmetrical 
form.  The  cost  of  the  excess  land  recjuij-cd  is  a  signifi- 
cant factor  where  land  values  are  high.  It  would  be 
economically  unsound,  for  example,  to  install  even 
the  minimum  suggested  design  at  intersections  in  the 
business  district  of  a  city.  The  cost  of  excess  land  at 
such  a  location  would  be  so  great  that  it  would  probably 
be  more  economical  to  construct  a  grade  separation. 

A  second  factor  is  that  of  topography.  Toe  rotary 
system  is  designed  for  operation  on  level  ciirles  and 
any  attempt  to  install  a  rotary  intersection  on  a 
grade  would  result  in  obvious  complications.     As  far  as 


Tahle  2. —  Xintihcr  of  nrci<lcnlx  and  property  daiixigc  Ixjorc  aiid 
after  the  intitullation  of  a  traflic  circle  in  Los  Anyelen,   Calif. 


Intersection  at  Wilshire  Boulevard  and  Western  .V  venue 

Neighboring     right-an- 
gled    intersection    at 
Wilshire     Houlevard 
and  Vermont  Avenue 

1922 

Accidents 

Property 
damage 

Accidents 

Property 
damage 

4  months,  before  installation  of 

32 

$1,491 

30 
02 

$833 
1,640 

6   months,  after   installation    of 
traflic  circle 

is  known,   there  are  no  installations  wliej-e  the  circle 
itself  is  on  a  grade. 

A  most  important  consithM'ation  is  the  character  of 
the  traffic.  The  system  oi)erates  to  greatest  advantage 
when  traffic  is  uniform  in  character,  as  a  variety  in  type 
of  traffic  seriously  reduces  its  efficiency.  It  was 
intended  primaiily  to  facilitate  motor-vehicle  traffic 
of  roughly  uniform  operating  qualities.  When,  in 
addition,  pedestrian  and  street  car  traffic  must  be 
provided  for,  it  is  necessary  to  modify  the  system  to  a 
considerable  extent. 

In  the  usual  rotary  intersection,  vehicular  How  is 
uninterrupted  and  the  pedestrian  is  at  a  decided  dis- 
advantage. The  situation,  however,  is  similar  to  that 
at  any  unconti-olled  intersection  and  unless  there  is  a 
very  large  volume  of  traffic,  no  ptirticiilar  provision 
need  be  made  for  pedestrians.  The  auxiliary  direc- 
tional islands  serve  as  convenient  refuges  and  it  is 
suggested  that  pedestrian  crosswalks  be  laid  out  to 
utilize  the  safety  areas  thus  provided.  By  using  the 
islands  in  this  manner,  the  pedestrian  crosses  no  more 
than  two  or  three  lanes  of  traffic  at  one  time,  and 
encounters  vehicles  moving  in  one  direction  only. 

When  vehicular  ti-affic  is  very  heavy  and  when,  in 
addition,  there  is  a  large  volume  of  pedestrian  traffic,  it 
will  be  necessary  to  provide  pedestrian  subways  or  to 
interrupt  the  vehicidar  flow  occasionally  for  the  con- 
venience of  pedestrians.  This  is  easily  acconq^lished 
by  the  installation  of  traffic  signals  as  at  an  ordinary 
intersection. 

wStreet  cars  ])resent  a  more  difficult  problem.  In  ti 
great  many  insttinces  where  the  rotary  system  has  been 
applied  to  regubtte  traffic  on  an  existing  circle  or  stpiare, 
tracks  are  so  located  that  street  cars  confiict  with  the 
rotary  movement  of  vehicles,  the  street  cars  generally 
proceeding  directly  across  the  circle.  In  periods  of 
light  traffic  this  conflict  is  not  serious,  but  as  the  traffic 
volume  increases  it  becomes  necessary  to  intei'rupt 
movement  iipoti  the  rotary  roadway  for  the  passage  of 
street  cars. 

Square  or  polijyou-Klia prd  central  lslaii(/s. — The  use  of 
square  or  polygon-shtiped  central  islands  in  the  d(>sign 
of  rotary  intersections  reduces  the  efficiency  of  the 
system  and  any  advantages  which  may  be  attributed 
to  this  type  of  design  are  enhanced  in  the  cii'cular 
design.  This  particularly  is  true  where  the  minimum 
size  of  rotor  is  contem])lated  for  a  given  intersection. 

Figure  7  illustrates  two  types  of  rotary  intersection 
in  which  a  square  central  island  is  used,  the  isl.-md 
being  so  designed  that  the  sides  of  the  square  are  tit  an 
angle  of  4r)°  to  the  center  lines  of  the  streets  forming  the 
intersection.  The  intersection  in  each  case  is  a  simple 
right-angled  one  and  th(>  pur|)ose  of  the  designers  has 
evidently  been  to  evolve  a  rotor  recpiiring  a  minimuni 
amount  of  land  conipatit)le  with  efficient  operation. 
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BRITISH    ROUNDABOUT  DESIGN 


—  40-H  I 

COOK   COUNTY  DESIGN 

Figure  7.- — Rotary  Intersection  Designs  with  Square 

Central  Island 

The  British  design  appears  in  A  Report  on  the  Lay- 
out of  Crossroads,  Junctions,  and  Corners,  submitted 
by  the  British  Ministry  of  Transport  to  all  road  author- 
ities in  England.  This  report  was  pubHshed  in  full  in 
the  The  American  City  for  November,  1929,  Volume  XLI, 
No.  5,  pages  151-154.  The  design  which  appears  here 
was  recommended  for  use  at  the  crossing  of  two  roads 
of  equal  traffic  importance.  The  Cook  County  design 
is  included  in  the  report  of  the  Cook  County,  111., 
Grade  Separation  Advisory  Committee,  August  5,  1929. 

The  greatest  apparent  advantage  of  this  type  of 
design  is  that  it  permits  better  arrangement  of  the 
building  lots  about  the  intersection  than  does  the  cir- 
cular form.     However,  if  the  outer  curbs  of  the  inter- 


section are  designed  as  straight  lines,  as  suggested  in 
Figure  3,  rather  than  as  arcs  concentric  with  the  cir- 
cular island,  this  apparent  advantage  disappears. 
There  remains  only  the  possible  advantage  to  be  gained 
in  a  saving  of  land  required  by  the  square  design. 

Table  3  gives  a  comparison  of  the  dimensions  of  the 
two  square  designs  and  the  recommended  circular  de- 
sign, showing  the  various  areas  of  pavement  and  islands 
required : 

Table  3. — Dimensions  of  central  island  and  land  areas  required 
for  British  and  Cook  County  designs,  as  compared  with  recom- 
mended circular  design  of  Figure  3 


Design 

Dimensions  of  central 

Area  pave- 
ment 

Area  islands 

Area  excess 
land  taken 

island 

Square 
yards 

Per 
cent' 

Square 
yards 

Per 

cent ' 

Square 
yards 

Per 
cent  2 

British 

110  feet  square 

4, 1.57 
4,224 
3,716 

112 
113 
100 

1,281 
2,982 
2,097 

47.4 
110.  S 
100.0 

860 
2,300 
1,820 

47 

Cooli  County 

106  feet  square 

126 

Recommended.. 

150  feet  diameter  circle. 

100 

'  Percentage  of  recommended  design. 

1  Excess  area  required  to  be  tal^en  based  on  100-foot  ri^ht  of  way  in  each  case. 

In  spite  of  the  slight  advantage  in  the  amount  of  land 
required  in  the  case  of  the  British  design,  there  appear 
to  be  several  serious  objections  to  the  square  design 
from  the  point  of  view  of  traffic  efficiency.  These 
objections  may  be  made  clear  by  a  detailed  discussion 
of  the  designs  in  Figure  7. 

The  first  objection  is  the  necessity  of  using  a  very 
short  radius  in  rounding  off  the  corners  of  the  square 
island.  In  the  British  design,  while  the  square  is  110 
feet  on  a  side  and  gives  an  admirable  distance  between 
entering  streets  for  interweaving,  the  curves  rounding 
off  the  square  have  a  radius  of  only  30  feet.  This  radius 
is  but  slightly  larger  than  the  minimum  turning  radius 
of  our  longer-wheelbase  automobiles.  It  is  obvious 
that  in  negotiating  this  rotor  traffic  will  be  compelled 
to  travel  very  slowly  to  remain  in  the  channels  provided 
for  it  or  it  will  maintain  a  normal  rate  of  speed  and 
avoid  the  designed  channels.  At  a  speed  of  15  or  20 
miles  an  hour,  the  vehicles  occupying  the  inner  lane 
of  traffic  next  to  the  central  island  will  be  thrown 
toward  the  outer  lane  on  rounding  the  corners,  with 
resulting  conflicts  and  possible  accidents.  The  traffic 
proceeding  about  the  square  will  tend  to  take  a  circular 
course  and  the  traffic  pattern  will  imdoubtedlv  show  tlie 
square  inscribed  in  a  rough  circle.  The  30-foot  curb 
radii  of  the  entering  streets  will  bring  about  a  similar 
effect  along  the  outside  of  the  rotor  when  vehicles  make 
a  right  turn.  These  two  tendencies  reduce  the  effective 
width  of  the  roadway  and  concentrate  traffic  in  the  two 
center  lanes. 

The  Chicago  plan  has  some  advantages  over  the 
English  design.  The  curb  radii  are  75  feet,  and  cars 
turning  to  the  right  with  the  intention  of  leaving  by 
means  of  the  ne.xt  street  can  negotiate  the  turn  at 
about  20  miles  per  hour  without  swinging  wide  into 
the  inner  lane.  However,  the  design  is  not  consistent 
in  that  the  radius  of  the  curves  rounding  oft'  the  square 
rotor  is  only  42  feet.  While  a  right  turn  can  be  made 
at  a  speed  of  20  miles  per  hour,  a  car  proceeding  directly 
through  the  intersection  must  slow  down  considerably 
in  making  the  42-foot  radius  curves.  If  speed  is  not  so 
reduced,  the  motorist  will  be  forced  to  swing  out  into 
the  next  traffic  lane  and  the  same  disadvantages  hold 
as  for  the  English  design. 
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EXISTING  TRAFFIC  CIRCLES  DISCUSSED 

In  an  attempt  to  gather  inforinalion  concerning  the 
design  and  operation  of  existing  traffic  circles,  a  ques- 
tionnaire was  sent  to  all  cities  with  a  population  of 
100,000  or  more  and  to  other  cities  in  which  it  was 
known  that  traffic  circles  were  in  operation.  A  sum- 
mary of  the  data  assembled  through  the  courtesy  of 
the  various  city  engineers  and  members  of  city  planning 
commissions  appears  in  Table  4.  This  table,  while 
containing  all  the  information  received,  is  admittedly 
incomplete,  but  will  reveal  particularly  the  wide  vari- 
ance in  practice  in  the  design  of  circles.  In  view  of 
this  fact,  several  plans  are  presented,  each  of  which  has 
one  or  more  particidarly  good  features  which,  if  incor- 
porated in  a  single  design,  would  result  in  an  intersection 
almost  coincident  with  that  presented  in  the  previous 
chapter. 

It  will  be  seen  in  the  table  that  the  speed  of  vehicles 
passing  through  the  intersection  was  given  in  only  two 
cases.  Despite  the  wide  difference  in  both  the  diameter 
of  the  rotor  and  the  volume  of  traffic,  the  speed  main- 
tained is  practically  the  same.  It  is  believed  that  this 
speed  will  be  relatively  constant  for  all  circles,  but  any 
additional  information  both  as  to  volume  and  speed 
which  may  be  maintained  upon  existing  circles  would 
be  very  valuable  to  one  considering  the  installation  of 
such  a  de-ign. 

Monument  Circle. — Monument  Circle  '  in  Indian- 
apolis, Ind.  (fig.  8,  A),  represents  good  practice  in 
existing  traffic  circles.  It  was  originally  planned  in 
1821  by  Ralston,  an  assistant  to  Major  L'Enfant,  as 
the  center  of  a  city  1  mile  square  with  four  broad 
avenues  radiating  from  it.  At  the  present  time,  the 
circle  passes  1,500  to  2,000  vehicles  per  hour  without 
interruption  and  without  regulation  by  traffic  officers 
or  signal-control  lights.  It  is  also  the  terminal  of  all 
city  bus  lines. 

Features  of  note  are  the  large  radius  of  the  central 
island  and  the  design  of  the  islands  in  the  entering 
streets.  These  islands  were  installed  in  response  to 
traffic  demands  and  for  pedestrian  safety.  It  is  worthy 
of  note  that  while  the  areas  are  merely  outlined  with 
stanchions  and  traffic  buttons,  the  operation  is  efficient. 

The  circular  driveway  width,  which  is  entirely  ade- 
quate in  this  case,  is  the  same  as  that  given  by  the 
formula  previously  suggested,  that  is,  one-quarter  of 
the  width  of  the  entering  streets.  The  operation  of  the 
circle  would  undoubteclly  be  improved  by  increasing 
the  curb  radii  of  the  entering  streets,  but  there  is  serious 
question  if  increased  efficiency  would  compensate  for 
the  e.xpense  of  such  a  proceeding  in  the  heart  of  the 
city. 

Niagara  Square. — ^Niagara  Square,  Buffalo,  N.  Y. 
(fig.  8,  B),  is  a  good  example  of  the  rotary  system 
applied  to  a  large  square.  The  corners  of  the  central 
island  have  been  cut  back  to  such  an  extent  that  it 
is  practically  a  circle  and  large  turning  radii  are  pro- 
vided for  traffic  circling  the  island.  It  will  also  be 
noted  that  the  curbs  of  the  entering  streets  are  cut 
back  to  provide  a  turning  radius  sufficient  to  allow 
entering  vehicles  to  execute  the  right  turn  without 
interfering  with  the  traffic  already  \ipon  the  square. 

_  As  there  are  seven  entering  streets,  the  interweaving 
distance  in  several  places  is  less  than  has  been  recom- 
mended; but  because  the  heavy  traffic  flow  is  largely 
confined  to  Niagara  Street  and"  Delaware  Avenue,  the 


■  Information  furnished  by  Mr.  H.  B.  Steeg,  secretary-engineer,  city  planning 
commission. 


Table   4. — Existing  traffic  circles  in  cities  of 
population  in  the  United  States 

100,000  or 

more 

Circle 

Location 

Dian.- 

ct<T 

of 

rircle 

Total 
width 

of 
onler- 

ing 
streets 

Width 

Of 
circu- 

h,r 
road- 
way 

Num- 
ber of 
enter- 
ing 
streets 

.Maxi- 
nium 

ve- 
hicles 

per 
hour 

Speed 

in 
miles 

per 
hour 

Lee - 

Chiiborne 

Druid  Hill  Park.. 

Now  Orleans,  La. 

....do 

Baltiniore,  Md 

Hullalo,  .\.  v.... 
Indianapoli.s,  Ind 
Wasliington,  U.C_ 

do... 

do... .._ 

do 

do 

do   

2S1) 
•JIU 
115 

:ios 

3X(i 
litO 
20S 
120 
3X0 
3.50 
300 
320 
fill) 
240 
100 
240 
CO 

IT.") 

320 
UIO 

200 

1.55 
21C 

130 

Fr.l 
202 
20H 
230 
374 
200 
4fi4 
104 
440 
450 
324 
3li0 
30(1 
300 
200 
350 
102 
204 
104 

177 

310 
145 

1G7 

135 
300 

320 

Fat 
40 
31 

X5 

50 
40 
40 
50 
00 
30 
40 
40 
50 
00 
70 
H 
30 
70 

CO 

50 
45 

3C 

33 
CO 

70 

4 

7 

4 

10 
3 

K 
0 
8 
S 
S 

H 
4 
8 
4 

4 

C 

4 

3 
C 

5 

3,  400 

ie-19 

Niagara 

3,  566 
2,  000 
2, 170 

Monument.. 

Du  Pont 

Sheridan 

Thomas 

Scott 

Iowa 

Washington.. 

3,  300 
2,  350 
2,500 

Grant 

....  do 

do 

Lincoln  Memorial- 

do... _ 

do 

Portland,  Greg 

..  ..do 

Chevy  Chase  

Laurelhurst 

Central  Park 

Colorado      and 

Pasadena,  Calif.  . 
Boston,  Mass 

Near  Camden, N.J. 
do 

Orange. 
Columbia     Road 

and  Old  Colony 

Avenue. 

Kaign  Avenue 

Whitehorse  Pike. 

3,000 

3,200 
2,  405 

15-20 

Brooklawn  East 

Near  Brooklawn, 

.\.  J. 
do 

Rochester,  N.  Y . 

St.  Louis,  Mo 

Brooklawn,  West 

Ridge  Road  Bridge 

approach. 
Lindell  (proposed) 

1  Minimum. 

operation  of  traffic  through  the  scfuare  is  not  seriously 
affected.  Here  the  width  of  the  circular  roadway  is 
less  than  the  maximum  given  by  the  formula  and  this 
width  is  still  further  reduced  by  vehicles  parked  around 
the  outer  curb,  illustrating  that  the  formula  gives  a 
very  generous  roadway  width  and  that  traffic  can  be 
handled  efficiently  with  less  width. 

A  traffic  count  made  on  Jidy  7,  1929,  showed  that 
3,548  vehicles  entered  the  square  during  the  maximum 
hour  and  passed  through  without  dela^^  or  confusion.^ 
The  advantages  of  the  design  are  the  large  radii  of  the 
central  island  and  the  curbs  of  the  entering  streets. 

Circles  in  Portland,  Oreg. — Two  traffic  circles  of 
Portland,  Oreg.,  present  examples  of  good  design. 
Figure  8,  C  is  the  intersection  of  two  main  traffic  streets 
in  a  residential  district.  Both  cany  a  large  volume  of 
traffic  which  passes  through  the  circle  without  inter- 
ruption. 

An  interesting  feature  of  this  design  is  the  excep- 
tionally large  radii  of  the  curbs  of  the  entering  streets. 
A  radius  of  200  feet  gives  a  continuous  curve  for  traffic 
turning  right  from  one  entering  street  into  the  next 
and  results  in  the  outer  curb  of  the  circle  being  convex 
with  respect  to  the  central  island.  Where  land  is  not 
exceptionally  expensive,  this  practice  offers  some  ad- 
vantage over  the  straight  outer  curb  design.  Very 
little  roadway  width  is  wasted  and  vehicles  are  en- 
couraged to  follow  a  natural  route.  The  radius  of 
the  central  island  is  95  feet,  resulting  in  a  satisfactory 
interweaving  distance. 

Figure  8,  D  illustrates  a  treatment  where  a  number  of 
streets  converge  at  a  point.  The  radius  of  the  central 
island  is  too  small  to  give  a  satisfactory  interweaving 
distance  provided  all  the  streets  were  carrying  a  heavy 
traffic  load,  but  it  is  effective  in  this  case  because  the 
traffic  is  concentrated  on  Ladd  Avenue  and  the  other 
streets  are  of  comparatively  minor  importance. 


2  Report  of  the  Committee  on  Street  Traffic  Economics,  Bulletin   104  of  the 
American  Railway  Association,  p.  28. 
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A.  MONUMENT    PLACE,    INDIANAPOLIS,   INDIANA. 


B.NIAGARA  SQUARE  INTERSECTION,  BUFFALO,  NEW  YORK, 


C.  TRAFFIC  CIRCLE    IN   PORTLAND,  OREGON. 


D.  TRAFFIC  CIRCLE  IN  CENTRAL  PARK 
PORTLAND, OREGON 


E.  LEE  CIRCLE,  NEW  ORLEANS,  LOUISIANA 


f.columbia  road  circle  ,  boston  ,  massachusetts. 

Figure  8.- — Example.s  of  Existing  Tr.\ffic  Circles 


TO  WHITE  HORSE  PIKE  ■ 
G.  KAIGHN  AVE.  ROND  POINT,  NEAR  CAMDEN,  NEW  JERSEY. 
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In  both  these  designs  excellent  results  are  obtained 
with  a  roadway  width  less  than  the  theoretical  maxiniuni, 
three  lanes  of  traflic  being  provided  in  the  first  case  and 
four  in  the  second.  Directional  islands  might  well  be 
added  in  the  design,  being  particularly  adajited  in  the 
first  case  where  the  open  space  in  the  entering  streets 
created  by  the  large  curb  radii  is  likely  to  prove  con- 
fusing to  entering  traffic  and  hazardous  to  pedestrians. 

Lee  Circle. — Figure  8,  E  is  a  drawing  of  L.ee  Circle  in 
New  Orleans,  La.,  which  has  a  diameter  of  280  feet. 
The  short  curb  radii  necessitate  a  reverse  curve  move- 
ment through  the  circle.  This  condition  gives  rise  to 
a  large  area  of  unused  pavement  and  maTves  improb- 
able the  desirable  flat  angle  of  intersection.  However, 
the  large  diameter  affords  a  greater  interweaving  dis- 
tance, a  desirable  feature. 

Traffic  counts  taken  for  the  entire  circle  show  a  total 
of  2,543  vehicles  entering  the  circle  during  one  hour. 
Partial  counts  during  the  peak  period  indicated  that 
nearly  3,400  vehicles  passed  through  the  circle  during 
the  rush  hour.  Speed  studies  showed  that  the  sj^eed 
varied  from  16  to  19  miles  per  hour. 

The  roadway  width  in  Lee  Circle  is  40  feet  which, 
with  a  parking  lane,  permits  three  lanes  of  traffic. 
The  total  nuinber  of  lanes  on  the  entering  streets, 
subtracting  parking  lanes,  is  13.  Thus  the  width  is 
slightly  under  the  maximum  given  by  the  formula  sug- 
gested. The  fact  that  there  was  at  all  times  a  complete 
freedom  of  movement  in  spite  of  the  disadvantage  of 
the  short  curb  radii  indicates  that  the  formula  gives  a 
reasonable  maximum  width  of  roadway. 

Columbia  Road  Circle. — ^This  circle,  near  Boston, 
Mass.,  is  represented  in  Figure  8,  F.  It  is  very  near 
the  nunimum  recommerided  design,  having  a  central 
island  175  feet  in  diameter.  It  is  located  at  the  inter- 
section of  ()ld  Colony  Boulevard  and  Columbia  Road 
and  at  certain  times  of  day  is  required  to  acconnnodate 
a  large  nuniber  of  vehicles  with  a  large  percentage  of 
turning  niovements. 

Tlie  effective  operation  of  Columbia  Road  Circle, 
even  under  its  peak  loads,  is  a  proof  of  the  efficiency 
of  this  type  of  design.  Observations  indicate  that  well 
over  3,000  vehicles  pass  through  the  intersection  dur- 
ing a  peak  hour  at  speeds  ranging  from  15  to  over  20 
miles  per  hour.  During  these  observations  congestion 
was  not  appreciable,  no  actual  sto])page  was  ever  seen, 
and  little  slowing  down  below  the  speed  required  for 
comfort  in  turning  was  noticed,  even  in  periods  of  heavy 
traffic. 

This  circle  further  indicates  the  unused  area  created 
by  the  circular  outside  edge  of  the  roadway.  Traffic 
patterns  on  the  pavement  show  that  over  20  per  cent 
of  the  ])avement  is  never  traveled  over  by  vehicles 
passing  through  the  circle. 

Kaign  Avenue  Rond  Point. — This  circle,  shown  in  Fig- 
ure 8,  G,  was  constructed  by  the  New  Jersey  State 
Highway  Commission.  It  has  for  a  rotor  a  pei-fect 
circle,  the  large  radius  being  necessary  to  provide  for 
a  proper  interweaving  distance. 

It  will  be  noticed  that  close  attention  has  been  paid 
to  detail  and  that  all  details,  in  themselves  correct,  are 
properly  combined  to  form  an  efficient  intersection 
design.  It  is  this  attention  to  detail  that  premits  the 
effective  operation  of  this  circle  under  the  conditions 
of  heavy  traffic,  a  maximum  of  about  3,000  vehicles 
per  hour  being  passed  with  little  delay. 

In  the  preceding  designs  no  effort  was  made  to  pro- 
vide for  unbalanced  traffic  flow.  The  designs  shown 
in  Figure  9  are  intended  to  illustrate  the  fiexibility  of 


the  system,  to  suggest  a  modification  a|)plical)lc  to  the 
intersection  where  it  is  advisable  to  give  preference  to 
the  traffic  upon  one  or  the  other  of  the  intersecting 
streets,  and  to  suggest  a  rotaiy  ti'ealmcnt  foi-  the  com- 
mon forked  intersection. 

It  will  be  noted  that  each  of  the  designs  applies  the 
basic  principles  on  curb  radii,  island  location,  and  inter- 
weaving distance  previously  developed.  Figui'e  9,  C^ 
shows  how  even  a  common  parkway  may  be  developed 
on  rotary  i)rinci|)le,  which  results  in  a  design  similar 
to  that  applied  bv  Mr.  Fritz  Maldicr  in  Kadhiifu, 
N.  J.^' 

SPECIAL  DESIGNS  WITHOUT  ROTAKY  IMUNCIPLE 

The  rotary  ])rinciple  is  a  specialized  type  of  treat- 
ment which  is  ])aiticularly  well  adapted  when  a  lai-ge 
volume  of  traffic  must  be  handled  at  a  comparatively 
low  rate  of  speed.  At  intersections  where  there  is  only 
an  intermittent  flow  of  ("ross  traffic,  the  vehicles  u])on 
the  main  highway  are  unduly  penalized  by  the  shape 
of  the  rotor.  While  the  rotary  system  is  not  well 
adapted  to  such  a  situation,  some  foi-m  of  treatment  is 
desirable  to  permit  the  high  speed  bouh'vard  traffic  to 
flow  without  interruption  and  at  the  same  time  to  pro- 
tect the  traffic  crossing  the  main  route  and  that  turning 
into  it  from  the  minor  route.  The  following  designs 
have  accordingly  been  presented  to  illustrate  how  this 
purpose  may  be  accomplished  by  means  of  a  system 
of  well-placed  channelizing  islands. 

The  design  in  Figure  10,  A,  is  well  ada])ted  to  a  T 
intersection  where  the  traffic  entering  the  heavily 
traveled  street  is  very  light.  This  type  of  intersection 
was  developed  by  the  Westchester  County  Park  Com- 
mission and  has  proved  very  efficient  at  vaiious  inter- 
sections on  the  Saw  Mill  River  Parkway.  In  this  design 
the  main  roadway  is  40  feet  in  width  and,  as  shown,  the 
opposing  traffic  is  separated  by  islands  at  the  intei-sec- 
tion  and  the  half  roadway  width  increased  to  30  feet. 
The  widening  efl'ect  is  accomplished  by  means  of  re- 
verse curves  so  flat  f8°  in  this  case)  ttiat  there  is  no 
cause  for  reduction  of  speed  on  the  main  I'oute. 

The  purpose  of  the  islands  is  not  to  produce  a  rotary 
movement,  but  rather  to  provide  a  safety  zone  for 
vehicles  waiting  to  enter  or  leave  the  main  traffic  by 
means  of  a  left  turn.  For  right  turns,  either  entering 
or  leaving  the  side  street,  4()-foot  curves  are  provided 
and  the  increase  from  20  to  30  feet  in  the  half  roadway 
width  permits  the  turning  vehicle  to  proceed  alongside 
the  main  stream  of  traffic  until  it  can  accommodate 
itself  to  the  speed  of  this  traffic.  In  the  case  of  left 
turns  the  importance  of  the  islands  is  shown  to  best 
advantage.  In  turning  left  into  the  through  street, 
the  driver  waits  in  the  entering  street  until  there  is  a 
sufficient  interval  in  t.he  traffic  stream  to  allow  him  to 
cross  to  the  space  between  the  islands.  If  necessary, 
he  may  wait  again  in  this  protected  area  until  the  lane 
next  to  the  island  is  open,  when  he  entej-s  and  remains 
close  to  the  island  as  he  accelerates  to  the  speed  of  the 
main  traffic.  During  this  acceleration  period,  thei-e 
is  still  20  feet  to  the  jight  of  the  veliicle  as  it  follows  the 
island  and  there  is  ample  loom  for  all  vehicles  to  ])ass 
even  though  ])oth  lanes  are  flowing  full. 

Similarly,  in  making  a  left  turn  from  the  main  street 
into  tlie  side  sti'eet,  the  driver  remains  close  to  the  other 
island  as  he  decelerates,  thus  leaving  room  for  two 
lanes  to  pass  on  his  right.      Having  slowed  down  sufh- 


3  AbolishiriK  Street  Traffic  Intersections  Without   Grade  Separation    by   Fritz 
Malcher.  American  City ,  Sci)tenil)er  and  Octol^er  ,1929. 
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REVERSE  CURVE 


A.  DESIGN   FOR   ROADS  OF  UNEQUAL  CAPACITY 


B.  INTERSECTION  OF  A  THROUGH    ROAD   WITH  A  MINOR  ROAD 
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C.  DEVELOPMENT   OF  A  PARKWAY   FROM  A  ROTARY  TRAFFIC  CIRCLE 


E    FORKED  INTERSECTION  WHERE  BOTH  STREETS  ARE  OF  EQUAL  IMPORTANCE 


ROTARY  TRAFFIC 


<Ki   ROADWAY 
;|RCL£ 


Figure  9.- — Special  Adaptation's  of  the  Rotary  Principle 


ciently,  he  turns  into  the  protected  area  and  as  soon  as 
the  opportunity  arises,  crosses  the  other  half  of  the 
highway  and  proceeds  on  the  side  street. 

A  design  of  this  sort  is  less  rigid  in  its  various  re- 
quirements than  is  a  rotary  traffic  circle.  Since  no  one 
will  turn  completely  around  an  island,  there  is  no 
necessity  for  making  it  the  usual  60  feet  in  width.  It 
is  sufficient  to  place  it  so  that  it  will  be  just  inside  the 
path  followed  by  a  vehicle  in  making  a  normal  left 
turn  as  indicated  by  the  traffic  movements.  Thus,  the 
width  is  a  factor  only  of  the  space  required  to  provide 
an  adequate  safety  zone.     In  this  case  14  feet  is  used, 


a  width  which  has  been  found  satisfactory.  Since  a 
vehicle  waiting  in  the  protected  area  will  stop  at  some 
point  in  its  normal  turning  path,  it  will  be  in  a  diagonal 
position  to  the  roadway  at  an  angle  of  approximately 
45°,  so  that  14  feet  is  ample  to  protect  the  largest  car. 
The  width  of  the  narrow  end  of  the  island  and  its 
length  are  immaterial,  the  sides  of  the  island  generally 
being  concentric  with  the  sides  of  the  road  and  the 
limiting  condition  at  the  narrow  end  being  the  width 
necessary  to  protect  properly  a  significant  warning  sign. 
No  extra  land  is  required  over  the  normal  right  of 
way.     An  estimate  of  the  quantities  follows: 
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1  Linear  feet. 

The  design  shown  in  Figure  10,  B,  is  very  much  the 
same  as  that  discussed  for  stub-end  intersections. 
This  design,  it  may  be  observed,  is  apphcable  to  the 
intersection  resulting  when  a  hghtly-traveled  street 
enters  a  heavily-traveled  main  highway  on  a  curve  and 
approxiniately  tangent  to  the  curve,  a  case  very  often 
encountered. 

The  physical  features  of  this  intersection  follow 
exactly  the  same  principles  as  those  developed  for  the 
T  intersection.  In  this  case,  the  desired  extra  width 
is  obtained  by  flattening  the  curve  of  the  inside  edge, 
and  providing  curves  of  greater  degree  on  the  outer 
edge.  To  eliminate  a  reverse  curve  on  entering  the 
main  road  from  the  secondary  road  and  to  prevent  a 
veliicle  from  encroaching  on  the  traffic  lanes  of  the  main 
road  before  it  has  acquired  sufficient  speed,  the  outer 
edge  of  the  secondary  road  should  be  brought  in  on  a 
tangent  to  the  widened  curve  from  a  point  some  dis- 
tance back  of  the  intersection  as  sliown  in  the  diagram. 

The  effectiveness  of  the  operation  of  this  intersection 
depends  entirely  upon  the  proper  location  of  the  islands 
which,  in  turn,  depends  upon  the  radius  of  curvature 
and  the  angle  of  intersection.  The  details  of  the  loca- 
tion of  these  islands  may  be  seen  in  the  diagram. 

With  the  usual  rights  of  way  now  acquired  for  rural 
highways,  this  design  does  not  require  much  excess 
land.  Assuming  100  and  GO  foot  rights  of  way,  respect- 
ively, and  that  the  present  roadways  are  centered  on 
the  center  lines  of  the  rights  of  way,  2,500  square  feet 
of  excess  land  will  be  required,  consisting  of  a  small  tri- 
angle in  the  throat  of  the  intersection.  When  the  de- 
sign is  to  be  constructed  in  conjunction  with  a  reloca- 
tion of  the  highways  under  consideration  or  in  conjunc- 
tion with  new  construction,  the  center  lines  of  the  high- 
ways may  be  so  placed  with  respect  to  the  rights  of 
way  that  no  extra  land  is  required. 

The  design  in  Figure  10,  C,  another  adaptation  of  the 
Westchester  system,  is  similar  to  that  presented  in  Fig- 
ure 10,  B  except  that  the  minor  street  is  the  one  requir- 
ing the  turn  instead  of  the  major  street.  The  basic 
principle  is  the  same;  the  turning  traffic  is  protected 
from  the  through  traffic  and  can  not  inconvenience  it. 
Extra  highway  width  on  either  side  of  the  islands  per- 
mits the  slower  turning  traffic  to  mingle  freely  with 
the  fast  through  traffic  and  an  ample  protected  area 
between  the  islands  is  provided  for  waiting  if  necessary 
before  turning. 

The  feature  to  be  noted  is  the  difference  in  the  loca- 
tion of  the  safety  islands.  As  in  the  previous  design, 
they  are  so  located  that  traffic  turning  about  them  will 
be  directed  into  the  proper  route,  but  because  of  the 
difference  in  angles  and  the  straight  instead  of  curving 
through  highway,  the  distance  between  the  islands  is 
much  less.  This  indicates  the  necessity  of  a  study  of  the 
particular  intersection  before  placing  the  islands,  since 
their  proper  location  is  the  determining  factor  in  the 
successful  operation  of  this  type  of  intersection  treat- 
ment. 


8   REVERSE 
CURVE 


A.  INTERSECTION  OF  A  THROUGH  STREET  WITH  A  MINOR   STREET 


B.  DESIGN  OF  FORKED  INTERSECTION  WHERE  ONE 
STREET  IS  OF  MINOR  IMPORTANCE 


c.  design  of  forked  intersection  where  one 
street  is  of  minor  importance 

Figure  10.- — Special  Designs  Without  Rotary  Prixciple 

The  extra  land  required  is  negligible  and,  as  the 
additional  pavement  is  dependent  on  the  angle  of  inter- 
section, no  specific  estimate  is  presented.  In  any  case, 
the  quantities  will  not  be  much  in  excess  of  those  for 
the  stub-end,  right-angled  intersection.     (Fig.  10,  A.) 

EXISTING  SPECIAL  DESIGNS 

The  designs  presented  in  the  preceding  paragraphs 
were  not  intended  to  cover  all  possibilities,  but  rather 
to  bring  out  the  principles  involved  and  to  show  their 
application  to  a  few  common  types  of  intersection. 
The  designs  illustrated  in  Figure  1 1  show  how,  in  some 
cases,  these  principles  have  been  actually  applied  and, 
in  others,  the  proposed  application.  Each  design  rep- 
resents a  carefully  considered  solution  of  the  particular 
problem  and  is  illustrative  of  a  practice  which  might 
well  be  applied  at  countless  intersections. 

The  three  designs  shown  in  Figure  11  A  are  in 
Miami,  Fla.,  and  represent  a  good  application  of  the 
principle  that  the  driver  should  be  directed  into  the 
proper  route  by  making  that  route  the  natural  one. 
The  first  of  these  (N.W.^Fifth  Street)  might  be  termed 
a  modified  rotary  system,  in  which  case  the  central 
island  would  be  a  rotor,  about  which  the  streams  of 
traffic  flow,  vehicles  entering  or  leaving  as  the  line 
progresses.  In  a  sense  this  is  what  actually  happens, 
but  because  of  the  general  layout  of  the  intersection 
and  the  turning  movements  to  be  expected,  it  is  prob- 
able that  most  of  the  traffic  will  turn  about  the  island 
rather  than  follow  it  closely  for  any  considerable  dis- 
tance, as  in  a  true  rotary  movement.  For  this  reason, 
therefore,  this  design  is  classed  as  a  special  design  and 
all  the  islands  are  termed  directional  islands. 

The  traffic  entering  tlie  intersection  from  any  street 
is  confronted  by  the  oval  island,  about  which  it  must 
turn.  The  island  is  so  ])laced  that  any  vehicle  follow- 
ing its  natural  course  tlirough  the  intersection  inter- 
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B.   PROPOSED  DESIGNS  FOR   INTERSECTION  OF  SOUTH  AVE., 
NEWTON  STAND  PARK  ROAD  IN  WESTON,  MASS. 
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Figure  11.- — Existing  Special  De.signs 


sects  other  lines  of  traffic  at  an  oblique  angle,  which 
makes  interweaving  or  intermingling  easy. 

The  second  design  (N.W.  Eleventh  Street)  represents 
the  solution  of  a  rather  complicated  intersection,  the 
open  areas  of  which,  without  directional  islands,  would 
cause  confusion.  The  largest  of  these  islands  is  a  circle 
40  feet  in  diameter.  As  in  the  preceding  case,  this 
might  be  termed  a  rotary  traffic  island,  but  its  small 
size  and  the  fact  that  again  few  vehicles  follow  close 
to  the  edge  foi-  any  considerable  distance  leads  to  its 
classification  as  a  directional  island. 

Its  location  is  the  most  important  feature  of  this 
design,  for  upon  this  depends  the  routing  of  all  traffic 
passing  through  the  circle.  The  other  islands  serve 
to  make  vehicles  approach  the  circular  island  at  the 
proper  angle.  The  two  smaller  islands  at  the  east  of 
the  central  island  ])rovide  safety  for  traffic  turning  left 
from  NW  Eleventh  Place,  and  prevent  any  vehicles 
from  cutting  to  the  left  of  the  circle  as  they  emerge 
from  NW  Eleventh  Street. 

The  third  design  (NW.  Fourth  Street)  is  composed 
of  strictly  directional  islands,  there  being  no  semblance 
of  rotary  movement.  The  islands  are  so  shaped  and 
located  that  the  route  which  any  vehicle  should  follow 
is  obvious  and  is  the  one  which  will  cause  the  minimum 
of  confusion  in  the  intersection  area. 

In  all  these  cases  the  islands  are  of  pennanent  con- 
struction,   all    being   curbed    and    planted    with   grass. 


shrubs,  or  palms  which  add  measurably  to  their  appear- 
ance. It  is  of  interest  to  note  that  they  were  not  in- 
stalled as  permanent  fixtures  until  the  size  and  shape 
had  been  determined  by  trial,  using  temporary  islands. 
In  this  way  it  was  possible  to  insure  efficient  operation. 
The  following  excerpt  from  a  letter  from  Mr.  J.  E. 
Jewett,  office  engineer,  is  of  interest: 

There  i.s  little  ciuestion  but  what  such  traffic  islands  reduce 
accidents  very  materially.  Rotary  traffic  is  usually  slow  traffic 
in  terms  of  miles  j^er  hour,  but  is  rapid  traffic  in  terms  of  vehicles 
per  hour.  As  traffic  congestions  develop,  we  expect  to  install 
more  such  traffic  separators. 

We  have  learned  that  we  can  seldom  lay  out  a  system  of  islands 
in  the  office  that  will  work.  It  is  nearly  always  necessary  to 
make  changes  in  the  field.  Our  policy  is  to  put  up  movable 
forms  for  the  islands,  making  changes  here  and  there  until  we 
are  convinced  that  we  have  solved  the  problems.  These  forms 
are  left  in  i^lace  as  long  as  30  days  before  the  permanent  curbs 
are  built. 

Figure  II,  B  represents  two  designs  prepared  for  the 
intersection  of  South  Avenue  and  Newton  Street  in 
Weston,  Mass.  The  upper  plan  shows  an  adaptation 
of  the  design  presented  as  the  Westchester  type  to  the 
special  conditions  encountered  here.  T.he  islands  are 
so  shaped  and  located  that  they  direct  traffic  into  the 
routes  consistent  with  the  most  efficient  operation  of 
the  intersection.  No  traffic  lines  are  materially  devi- 
ated from  their  natural  courses  and  ample  area  between 
islands  provides  for  the  safety  of  the  turning  traffic. 
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A  rnoi'O  elHl)oi-ato  solution,  wJiich  would  be  justilicd 
only  ill  ca-^e  of  a  inarkcd  incroaso  of  (raHic  on  both 
routes,  such  that  the  eonsecjueiit  delay  is  considei-able,  is 
seen  in  the  lower  plan.  This  (lesi<i;n,  similar  to  Fi^uie 
9,  E  ])rovides  a  rotarA"  movement,  and  necessarily 
functions  well  only  at  relatively  low  speeds. 

It  should  be  noted  that  the  second  design  miiilil  be 
considei-ed  an  extension  of  the  first,  the  throjit  of  the 
intersection  heins;  practically  the  same  in  V)oth  cases. 
Allowance  in  a  design  for  future  develo])tnent  is  an 
important  feature. 

PROGRESSIVE  DEVELOPMENT  OF  AN  INTERSECTION 

In  view  of  the  tremendous  cost  of  acquisition  of  land 
at  a  date  when  traflic  demands  recjuire  an  intersection 
treatment,  it  is  an  increasing  practice  to  obtain  contJ-ol 
of  suflicient  land  abutting  intersections  to  allow  [)ro- 
gressive  improvement. 

Various  means  of  reserving  this  land  for  future  use 
are  exemplified  by  the  methods  used  in  city  planning 
control  of  new  developments.  The  simplest  and  most 
effective  method  is  by  outright  purchase  at  the  time 
of  initial  construction,  based  on  the  theory  that  it  costs 
little  more  to  obtain  a  wide  strip  of  land  than  a  narrow 
one,  but  that  to  take  additional  land  after  the  original 
route  is  laid  out  is  invariably  expensive. 

An  alternative  is  to  purcliase  immediately  only  the 
land  necessary  for  the  first  development  of  the  inter- 
section; and,  by  means  of  zoning  regulations,  to  insure 
against  private  developments  in  the  right  of  way  to  be 
needed  in  the  future.  Such  regulations  must  neces- 
sarily conform  to  court  decisions  on  the  subject  of 
zoning  in  the  jurisdictions  concerned.  A  reasonable 
restriction  would  allow  the  owner  to  make  whatever 
use  of  his  property  he  desired,  so  long  as  he  complied 
with  the  general  zoning  requirements,  but  would  stip- 
ulate that  any  buildings  or  other  improvements  would 
be  removed  from  the  area  in  question,  without  com- 
pensation to  the  owner,  at  the  time  anticipated  for  the 
improvement  of  the  intersection.  This  would  permit 
the  erection  of  inexpensive  buildings  having  a  length 
of  life  less  than  the  period  between  the  first  and  the 
second  improvements,  as  well  as  the  use  of  the  land  for 
agricultural  or  other  purposes.  It  would,  on  the  other 
hand,  prevent  the  building  of  permanent  structures 
which  would  preclude  the  possibility  of  a  grade  sep- 
aration or  a  traffic  circle. 

Where  zoning  acts  do  not  permit  this  procedure,  it 
may  be  possible  to  incorporate  in  the  deed  covering  the 
original  purchase  a  provision  similar  to  the  restriction 
outlined  al)ove,  applying  to  land  which  will  be  recpiired 
for  future  intersection  development. 

In  case  all  the  land  required  for  full  develo|)ment  of 
the  intersection  is  ])urchased  at  the  time  of  initial  con- 
struction, the  land  not  needed  immediately  may  be 
leased  for  the  construction  of  temporary  buildings  or 
such  other  use  as  may  be  profitable.  In  this  way  all 
or  part  of  the  carrying  charges  on  the  additional  land 
may  be  defrayed  during  the  period  when  it  is  not  needed 
for  the  intersection. 

If  tliis  plan  were  followed  a  State  highway  deP''i't- 
ment  or  other  agency  would  find  itself  with  a  consider- 
able amount  of  land  on  its  hands  for  which  it  had  no 
particular  use  at  the  time  but  which  must  be  kept  in 
a  presentable  condition.  In  order  best  to  use  the  avail- 
able area,  the  following  methods  for  a  progressive 
development  of  an  intersection  are  presented. 

The  intersections  fall  naturally  into  two  classes 
according  to  location,  first,  those  in  country  or  park- 


way locations  and,  second,  those  in  districts  which  will 
be  built  up  with  industrial  oi'  commercial  stinictures. 

In  the  iirst  instance,  a  proper  design  would  Ix'  one 
i'e(|uiring  a  geiHually  s(|uar(>  plot  of  land  with  the 
intersecting  roads  forming  its  diagonals.  '^J'o  provide 
for  any  desired  future  construction,  this  scpiare  should 
be  about  i'lT)  feet  on  a  side,  its  corn(M-s  being  located  on 
the  center  lines  of  the  right  of  way  about  ;^00  feet  from 
the  intersection  of  the  center  lines.  Assuming  that 
this  amount  of  land  is  taken  at  the  intei'section  of  two 
newly  designed  routes,  if  is  of  interest  to  follow  the 
possibilities  of  the  layout  of  (he  intersection  through 
increasing  traffic  stages,  as  indicated  in  Figure  12. 

The  first  design  shows  the  crossing  of  two  20-foot 
roadways.  The  intei'secting  edges  are  rounded  at  a 
30-foot  radius,  but  ot.ierwise  nothing  need  be  done. 
As  the  traffic  becomes  heavier  or  more  flexibility  of 
movement  is  desired,  it  may  })e  desiral)le  to  increase 
the  roadway  widths  to  40  feet  or  two  lanes  in  each 
direction,  but  it  may  still  be  unnecessai'V  to  ])rovi<le 
any  special  intersection  treatment.  If  turning  traffic 
becomes  a  factor  and  left  turns  as  well  as  right  turns 
complicate  the  traffic,  turning  roads  may  be  beneficial. 
Roads  such  as  these  are  now  installed  as  a  com])oiient 
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part  of  many  intersections,  but  usually  are  laid  out 
in  a  circular  arc,  of  perhaps  200-foot  radius.  The  reason 
for  selection  of  the  straight  turning  roads  is  apparent, 
however,  on  inspection  of  the  solution  for  the  next  stage, 
a  rotary  traffic  circle. 

When  traffic  becomes  so  heavy  that  traffic  signals 
would  be  necessary  to  regulate  the  right-angled  cross- 
ing, a  rotary  design  is  very  effective  and,  in  this  case, 
inexpensive.  The  turning  roads  alreadj^  constructed 
will  form  a  part  of  the  circular  roadway  and  a  central 
island  of  150-feet  radius  may  be  laid  out  in  the  area 
inclosed  by  the  turning  roads.  The  radius  of  the  throats 
of  the  entering  streets  will  be  increased,  for  though  in 
the  previous  case  only  turning  traffic  used  the  diagonal 
roads,  now  all  traffic  swings  right  on  entering  the  inter- 
section and  follows  around  the  rotor.  It  may  be  seen 
that  there  is  ample  area  to  provide  a  traffic  circle  which 
will  fulfill  every  specification  developed  in  the  section 
on  rotary  traffic. 

In  the  case  when  the  traffic  demands  become  so  great 
that  the  rotary  traffic  circle  will  cause  an  economic  loss 
due  to  the  rec[uired  reduction  of  speed  of  vehicles  pass- 
ing through  it,  a  grade  separation  may  be  justified. 
When  this  installation  is  completed,  it  will  be  found 
that  the  diagonal  roadways  which  were  first  classified 
as  turning  roads  and  then  as  an  integral  part  of  tlie 
circular  roadway  of  the  traffic  circle  have  now  become 
access  roads  for  a  grade  separation  and  the  two  inter- 
secting streets  again  pass  straight,  through  the  inter- 
section, but  at  different  elevations. 

Figure  13  shows  a  clover-leaf  grade  separation  at 
the  intersection  of  U.  S.  Route  1  and  the  Mount 
Vernon  Memorial  Highway. 

The  foregoing  discussion  outlines  a  possible  intersec- 
tion development  from  the  simplest  to  the  most  elabo- 
rate, each  stage  of  which  fits  as  nearly  as  possible  with 
the  next  and  eliminates  almost  altogether  the  too  preva- 
lent factor  in  highway  work,  depreciation  through  obso- 
lescence. Proper  foresight  will  eliminate  much  unneces- 
sary expense  in  solutions  which  are  worthless  after  a 
short  period.  It  is  by  no  means  compulsory  that  each 
step  be  followed  in  order,  but  it  is  extremely  unlikely 
that  the  traffic  demands  at  any  intersection  will  war- 
rant a  transition  from  the  initial  to  the  final  solution  in 
one  step  and  if  a  progressive,  flexible  development  in  pro- 
vided for,  much  expense  and  inconvenience  may  be  saved. 

The  second  case,  that  in  which  the  intersection  is  in 
a  district  expected  to  be  closely  built  up,  does  not  so 
readily  adapt  itself  to  a  progressive  development.  It  is 
for  an  intersection  such  as  this  that  the  Cook  County 
Grade  Separation  Committee  recommended  a  set-back 
line  GO  feet  on  either  side  of  the  center  line  for  a  dis- 
tance of  660  feet  back  of  the  intersection.  As  in  the 
preceding  case  it  is  not  necessary  to  proceed  at  once 
from  the  simple  intersection  to  the  final  solution,  but 
rather  to  follow  a  series  of  steps  which,  though  not 
developing  one  from  the  other  as  did  those  in  the  out- 
lying intersection,  have  a  definite  relationship  with  one 
another. 

Again,  there  are  the  two  narrow  intersecting  road- 
ways and  an  equal  or  greater  amount  of  excess  land 
not  in  the  form  of  a  square,  but  instead  shaped  like  a 
huge  cross,  the  center  lines  of  which  are  the  center 
lines  of  the  intersecting  roadways.  In  this  case,  also, 
the  second  step  may  well  be  the  widening  of  the  two 
roadways  to  four  lanes  each,  merely  rounding  the  inter- 
secting edges  with  30-foot  curves.  As  turning  traffic 
needs  to  be  better  accommodated  or  as  the  necessary 
stoppage  by  control  devices  interferes  with  the  freedom 
of  right  turns,  a  splaying  design  becomes  appropriate. 


FiGUBE  13.- — Grade  Separation  at  the  Intersection  of 
U.  S.  Route  1  with  the  Mount  Vernon  Memorial 
Highway 

Here  is  an  admirable  opportunity  for  installing  the  sep- 
arated lane  splaying  feature,  since  land  is  available  both 
on  the  sides  and  for  a  sufficient  distance  back  of  the 
intersection.  As  the  traffic  becomes  even  heavier,  a 
second  line  may  be  filled  in  between  the  through  pave- 
ment and  the  turning  lane  to  increase  the  storage  capac- 
ity and  in  this  way  increase  the  efficiency  of  the  inter- 
section somewhat.  Following  this  comes  the  final  step, 
a  complete  separation,  effected  by  carrying  the  middle 
four  lanes  of  one  roadway  under  the  other. 

In  this  development  one  feature  does  not  become  an 
integral  part  of  the  succeeding  feature.  The  only  pos- 
sibility is  that  the  turning  lanes  introduced  b}^  the 
splaying  may  serve  as  turning  roadways  for  the  separa- 
tion. It  is  quite  possible,  however,  during  the  construc- 
tion of  a  project  such  as  the  grade  separation  structure 
and  approach  ramps  that  the  existing  pavement  would 
be  seriously  injured  and  in  this  event  the  outer  paving 
would  also  be  relaid. 

Thus,  even  though  successive  designs  may  not  lead 
to  the  construction  economies  resulting  from  the  park- 
way development,  a  proper  program  of  construction 
related  to  the  traffic  needs  will  i-esult  in  an  intersection 
effective  at  all  times. 

Both  the  preceding  cases  are  concerned  with  the 
intersection  to  two  approximately  equally  traveled 
highways.  Another  case  which  very  often  arises  is 
that  of  a  major,  heavil}^  traveled,  highway  crossing 
several  other  highways  carrying  different  volumes  of 
traffic.  This  case,  too,  is  well  worth  considering  from 
the  point  of  view  of  progressive  developments.  One  or 
more  of  the  intersecting  highways  may  have  traffic 
sufficient  to  warrant  a  grade  separation  or  rotary  traffic 
circle  immediately  while  others,  though  not  now  critical, 
may  in  time  carry  such  a  volume  of  traffic  that  their 
intersections  necessitate  some  special  treatment  and 
still  others  obviously  may  never  have  enough  travel 
to  warrant  an  elaborate  intersection  design.  It  will 
be  found  that  in  every  case  where  the  volume  of  traffic 
to  be  expected  some  years  hence  can  be  estimated, 
some  progressive  plan  can  be  well  adapted  to  the  inter- 
section. Various  designs  have  been  presented  for  the 
intersection  of  roadways  having  different  volumes  of 
traffic  and  all  of  these  designs  have  been  built  up  from 
the  same  fundamental  principles;  so  it  is  only  a  method 
of  applying  the  pertinent  designs  and  providing  a 
means  of  evolving  one  from  the  other  as  traffic  increases. 
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DISTRICT  No.  9.  Connecticut,  Maine,  Massachusetts,  New  Hampshire,  New 
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Federal  Building.  Troy.  N.  Y. 

DISTRICT  No.  10.   Delaware,  Maryland.  North  Carolina,  Ohio,  Pennsylvania, 
Virginia,  and  West  Virginia. 

Willard  Building,  Washington.  D.  C. 
DISTRICT  No.  11.   Alaska. 

Room  419.  Federal  and  Territorial  Building.  Juneau.  Alaska. 

DISTRICT  No.  12.   Idaho  and  Utah. 

403  Fred  J.  Kiesel  Building.  Ogden.  Utah. 
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RATIONALIZATION  AND  SIMPLIFICATION  OF  TEST  RE- 
QUIREMENTS FOR  LIQUID  ASPHALTIC  MATERIALS 

By  E.  F.  KELLEY,  Chief  Division  of  Tests,  U.  S.  Bureau  of  Public  Roads,  and  PREVOST  HUBBARD,  Chemical  Engineer,  The  Asphalt  Institute. 


THE  PURPOSE  of  tostrequiromoii tain  spocilicii  lions 
is  to  insure  thatniatenulsi'urnisluHl  to  meet  t  ho  spec- 
ifications will  be  suitable  for  the  use  for  which  they 
are  intended.  Tlie  value  of  test  requirements  is  meas- 
ured by  the  extent  to  which  they  fulfill  this  purpose. 

Test  recpiii'ements  may  be  of  two  types — first,  those 
wliich  describe  the  properties  or  characteristics  of  a 
product  which  it  is  essential  that  it  possess  if  it  is  to  be 
suitable  for  a  given  purpose  and,  second,  those  of  a 
restrictive  nature  which  define  characteristics  which 
may  or  may  not  be  inherent  in  a  siutable  product, 
and  the  presence  or  absence  of  which  has  no  measurable 
influence  on  satisfactory  performance. 

It  is  evident  tliat,  so  far  as  possible,  tests  of  the  first 
type  only  should  be  used  in  specifications.  However, 
the  selection  of  such  tests  is  not  alw-ays  a  simple 
matter  because  of  the  lack  of  sufiicient  data,  and  the 
situation  is  frequently  complicated  by  the  dilliculty  of 
eliminating  tests  of  tlie  second  class.  The  latter  serve 
no  useful  purpose  and  such  prestige  as  they  may  enjoy 
is  undeserved,  but  before  they  can  be  discarded  it  is 
commonly  necessary  to  overcome  the  inertia  due  to 
3^ears  of  unquestioned  acceptance. 

Unfortunately,  many  of  tlie  common  test  require- 
ments for  road  materials  are  of  the  second  class.  Often 
of  obscure  origin  and  possibly  developed  originally  for 
a  purpose  foreign  to  their  present  use,  they  retain  their 
place  in  specifications,  sometimes  for  lack  of  adequate 
substitutes  and  sometimes  because  of  established  prece- 
dent. This  is  particularly  true  of  the  specifications  for 
that  class  of  road  materials  known  as  liquid  asphaltic 
products,  of  which  enormous  quantities  are  now  used 
in  the  construction  and  maintenance  of  low-cost  roads. 
Many  of  the  tests  which  are  used  at  present  m  specifica- 
tions for  these  materials  have  been  handed  down  from 
specifications  for  bituminous  materials  of  an  entirelv 
dift'erent  class,  often  semi-solid  in  character,  which  were 
never  intended  to  be  used  for  the  same  purposes  as  those 
to  wdaich  liquid  asphaltic  products  commonly  are  put  in 
highway  work  to-day. 

In  any  attempt  to  rationafize  specifications  each  indi- 
vidual test  nuist  be  carefully  scrutinized  to  ascertain  its 
actual  value.  What  does  the  property  defined  by  the 
test  signify  in  connection  with  the  use  to  which  the  mate- 
rial is  to  be  put  and  how  can  this  property  be  adeqiuxtely 
controlled  by  use  of  the  test?  If  satisfactory  an.swers  to 
these  tw'o  questions  can  not  be  formulated,  the  test  lias 
no  place  in  a  specification.  Many  of  the  tests  now  in 
common  use  will  fail  when  subjected  to  this  scrutiny. 

In  addition  to  the  need  for  selecting  the  tests  for 
liquid  bituminous  materials  on  a  rational  basis,  there 
has  been  an  equally  urgent  need  to  simplify  the  test 
requirements  in  current  use. 

The  lack  of  agreement  among  the  various  State  high- 
way departments  with  respect  to  tests  and  methods  of 
testing  has  created  a  condition  which  has  been  little 
short  of  chaotic.  It  is  unnecessary  to  go  into  details 
here  as  this  has  already  been  done.^     It  is  sufficient  to 

'  Cooperative  Research  and  Standardization  of  Low  Cost  Koad  Improvement,  by 
Prevost  Hubbard,  Eighth  Annual  Asphalt  Paving  Conference,  1929.  Simplitieil 
Specifications  for  Liquid  Asphaltic  Materials,  by  E.  F.  Kelley,  Ninth  .\nnual 
Asphalt  Pavins  Conference.  VXVJ.  Cooperative  Simplification  of  Tests  and  Specifi- 
cations of  Liquid  Asphaltic  Materials,  by  J.  T.  Pauls,  Associatiou  of  Asphalt  Paving 
Technologists,  January.  1932. 
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state  that  a  survey  in  1(130  of  State  liighway  de])ai-t- 
ment  si)ecificati()ns  for  li(piid  asjjhaltic  products  showed 
tliat  there  were  in  use,  including  all  variations,  a  total 
of  119  difl'orent  tests.  As  the  jmictice  of  the  different 
States  in  s])ecifying  such  i)roducts  varied  gi'oatly  with 
r(>spect  to  the  selection  of  tests  required,  it  was  too  often 
impossible  to  compare  the  sjiecilications  of  two  States 
in  order  to  ascertain  whether  they  were  using  ])ractically 
the  same  or  entireh'  dilferent  materials  for  the  same 
type  of  wt)i-k. 

In  addition  to  the  complications  entailed  by  the 
pi-actice  of  specifying  diU'erent  tests  or  combinations  of 
tests  to  define  the  characteristics  of  materials  of  essen- 
tially similar  character,  there  also  has  been  no  general 
agreement  regarding  the  test  results,  or  test  limits, 
which  should  be  incorporated  in  specifications.  The 
net  efi'ect  of  the  non-uniform  practice  with  respect  to 
the  requirements  for  both  tests  and  test  results  has 
been  the  establishment  of  an  unduly  large  number  of 
grades  of  material.  This  has  i)laced  on  manufacturers 
the  burden  eitlier  of  carrying  a  large  stock  of  difi'erent 
grades  or  of  being  j^repared  to  manufacture,  on  short 
notice,  materials  to  meet  the  wide  variations  required 
by  the  specifications  of  the  different  states.  Naturally, 
tills  has  resulted  in  increased  expense  which  ultimately 
has  been  charged  to  the  consumer. 

The  disadvantages  of  the  existing  situation  were 
manifest  to  all  concerned  and  as  a  result  there  was  in- 
augurated a  cooperative  undertaking  designed  both  to 
simplify  and  to  rationalize  specifications  for  liquid 
asphaltic  materials.  This  cooperation  involved  the 
highway  departments  of  the  various  States,  the  asphalt 
industry  as  represented  by  the  Asphalt  Institute,  and 
the  Bureau  of  Public  Roads. 

STATES  GROUPED  BY  REGIONS  FOR  PURPOSES  OF  .STUDY 

For  convenience  in  carrying  on  the  cooperative  pro- 
gram the  States  were  divided  into  five  groups  or  regions, 
the  division  being  made  largely  on  the  basis  of  the 
territory  served  by  the  principal  groups  of  producers. 
The  States  in  each  region  are  as  follows: 

Region  N^o.l. — Maine,  New  Hampshire,  Vermont, 
Massachusetts,  Rhode  Island,  Connecticut,  New  York. 

Region  No.  2. — New  Jersey,  Pennsylvania,  Delaware, 
Maryland,  Ohio,  West  Virginia,  Virginia,  North  Caro- 
lina, South  Carolina,  Georgia,  Florida. 

Region  No.  S. — Michigan,  Indiana,  Illinois,  Wiscon- 
sin, Minnesota,  Iowa,  Missouri,  Nebraska,  Kansas, 
Oklahoma. 

Region  No.  -^•^K^'ntiicky,  Tennessee,  Alal)ama, 
Mississippi,  Arkansas,  Louisiana,  Texas. 

Region  No.  5. — North  Dakota,  South  Dakota,  Mon- 
tana, Wyoming,  Colorado,  New  Mexico,  Idaho,  Utah, 
Arizona,  Nevada,  Washington,  Oregon,  California. 

As  a  preliminary  to  the  cooperative  sim])lification 
w'ork  it  was  first  necessary  to  establish  a  basis  for  the 
comparison  of  the  great  variety  of  refpiii'cments  in  cur- 
rent use.  Without  such  a  basis  of  comjiarison  there  is 
no  adequate  means  for  establishing  the  value  of  present 
and  proposed  tests  nor  for  comparing  the  specifications 
of  one  State  with  those  of  another,  even  for  materials 
which  may  be  essentially  the  same. 
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SIMPLIFIED  SCHEME  OF  ANALYSIS  ADOPTED 

To  furnish  this  basis  of  comparison  a  definite  test 
procedure  for  the  examination  of  aU  liquid  asphaltic 
products  was  proposed.  This  procedure,  known  as 
the  simpHfied  scheme  of  analysis,  was  desio:ned  to 
reduce  the  required  number  of  tests  for  any  product  to 
a  minimum  and  the  attempt  was  made  to  select  the 
tests  on  a  rational  basis  so  that,  b}^  proper  selection, 
they  would  define  the  essential  characteristics  of  all 
materials  of  this  general  class. 

Meetings,  which  were  attended  by  representatives 
of  the  cooperating  agencies,  were  held  in  the  five 
regions  early  in  1931  for  the  purpose  of  considering  the 
proposed  simplified  scheme  of  analysis  and  to  formiilatea 
program  for  the  future  conduct  of  the  cooperative  work. 

As  a  result  of  these  meetings  the  scheme  of  analysis 
was  modified  in  some  of  its  details  and  adopted  for  use 
in  the  investigation,  for  which  a  program  was  drawn 
up.  This  investigation  was  for  the  two-fold  purpose 
of  studying  the  adequacy  of  the  scheme  of  analysis 
and  developing  data  which  would  permit  a  comparison 
of  different  specifications  and  the  materials  furnished 
to  meet  them.     The  program  provided: 

(a)  That  the  producers  should  submit  to  the  State 
highway  departments  samples  of  their  products  which 
would  meet  State  specifications  in  which  they  were 
interested  commercially.  Two  samples,  varying  as 
much  in  consistency  as  possible  while  still  complying  with 
all  specification  requirements,  were  to  be  submitted. 

(6)  That  each  sample  should  be  tested,  by  the 
producer  and  by  the  department  to  which  it  was 
submitted,  in  accordance  with  the  requirements  of  the 
State  specifications  and  also  in  accordance  with  the 
approved  scheme  of  analysis. 

(c)  That  each  State  highway  department  should 
test,  both  according  to  the  approved  scheme  and  for 
compliance  with  its  own  specifications,  a  sufficient 
number  of  deliveries  of  materials  purchased  for  use  to 
cover  the  range  in  characteristics  likely  to  occur  in 
each  type  of  material. 

The  cooperative  work  contemplated  in  this  program 
was  begun  immediately  after  the  regional  meetings 
and  was  actively  prosecuted  until  its  completion  late 
in  the  year  1931.  In  connection  with  this  work  the 
producers  submitted  to  the  State  highway  departments 
1 ,154  samples  of  liquid  asphaltic  road  materials.  These 
samples  were  furnished  by  27  producing  companies 
from  47  refineries.  In  some  cases  a  particular  product 
complied  witii  the  reciuirements  of  several  ^States  so 
that  with  respect  to  the  number  of  different  materials 
there  were  some  duplications.  Eliminating  such  dup- 
lications, the  samples  submitted  represented  715 
dift'erent  products  produced  to  meet  approximately 
200  State  specifications  for  all  grades  of  liquid  asphaltic 
materials  used  throughout  the  United  States.  The 
samples  were  all  tested  by  the  producers  prior  to  ship- 
ment and  a  large  percentage  of  them  were  tested  by  the 
highway  departments  to  which  they  were  sent.  Thus, 
in  addition  to  the  basic  data  which  were  desired,  there 
were  made  available  a  great  number  of  check  tests  on 
duplicate  samples  of  the  same  material  and,  in  the 
cases  of  the  duplication  of  materials  mentioned  above, 
check  tests  on  the  same  materials  by  several  laboratories. 
In  addition  to  the  tests  made  on  samples  furnished  by 
producers,  the  State  highway  departments  reported 
tests  on  361  shii)ments  of  materials  purchased  for  use. 


The  cooperative  program  provided  that  the  producers 
should  furnish  to  the  Bureau  of  Public  Roads,  for  such 
tests  as  might  be  considered  necessary,  duplicates  of 
all  samples  of  materials  sent  to  the  State  highway 
departments.  It  also  provided  that  copies  of  all  test 
results  should  be  sent  to  the  bureau  by  the  producers 
and  by  the  States. 

These  duplicate  samples  were  received  by  the 
bureau  but  were  not  tested.  The  samples  will  be 
retained  for  a  reasonable  period  for  possible  use  in 
connection  with  questions  which  may  arise  later. 

The  test  reports  were  received  by  the  bureau  from 
time  to  time  during  the  summer  and  fall  of  1931. 
Late  in  the  year,  as  the  testing  work  neared  comple- 
tion, all  of  the  data  which  they  contained  were  placed 
in  tabular  form  and  distributed  for  the  information 
of  the  cooperating  agencies.  The  data  contained  in 
these  tabulations  give  additional  emphasis  to  the  need 
for  rationalization  and  simplification  of  the  specifica- 
tion test  requirements. 

CLASSIFICATION  OF  MATERIALS  BASED  ON  VISCOSITY  AND  DISTIL- 
LATION TESTS 

The  simplified  scheme  of  analysis  which  has  been 
followed  in  the  cooperative  work  embodies  two  tests 
which  are  considered  to  be  of  major  importance. 
These  are  the  viscosity  test  and  the  distillation  test. 
The  viscosity  test  is  made  with  the  Saybolt-Furol 
viscosimeter  at  one  of  three  selected  temperatures, 
depending  upon  the  character  of  the  material  and  its 
intended  use.  The  distillation  test  is  included  in  the 
scheme  of  analysis  to  take  the  place  of  tests  for  deter- 
mination of  asphalt  content  and  loss  by  volatilization 
at  different  temperatures.  The  residue  from  the 
distillation  test  is  subjected  to  tests  for  consistency 
and  solubility  in  carbon  disulphidt",  replacing  similar 
tests  frequently  made  on  original  materials  or  on 
residues  from  the  volatilization  and  asphalt  content 
tests. 

In  tabulating  the  data  obtained  in  the  cooperative 
tests,  the  materials  were  classified  as  to  type  on  the 
basis  of  these  two  important  tests. 

The  materials  were  first  divided  into  three  classes, 
depending  upon  the  consistency  of  the  residue  from  the 
distillation  test,  as  follows: 

1.  Liquid  residue  (float  test  less  than  25  seconds  at 
122°  F.) 

2.  Float  resid\ie  (float  test  more  than  25  seconds  at 
122°  F.  and  penetration  more  than  300  at  77°  F.). 

3.  Penetration  residue  (penetration  less  than  300 
at  77°  F.). 

Each  of  these  classes  was  further  subdivided  on  the 
basis  of  viscosity,  as  follows: 

A.  Viscosity,  Furol,  determined  at  77°  F. 

B.  Viscosity,  Furol,  determined  at  122°  F. 

C.  Viscosity,  Furol,  determined  at  210°  F. 

The  nine  types  of  material  which  result  from  this 
classification  are  shown  in  the  following  table: 


Character  of  residue 


1.  Liquid 

2.  Float 

3.  Penetration 


Viscosity,  Furol,  at- 


77°  F. 


1-A 
2-A 
3-A 


122°  F. 


1-B 
2-B 
3-B 


210°  F. 


1-C 
2-C 
3-C 
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It  is  evident  that  matei-ials  of  types  1-A,  1  1>,  ;iii(l 
1-C  are  of  the  nonluirdening  or  extremely  slowly 
liardonino-  viuiety  and,  iiTcspective  of  then-  original 
viscosities,  could  not  be  e.\i)ected  to  develop  an  as])halt 
cement  in  i)lace  in  a  road  surface.  Materials  of  tyjics 
2-A,  2-B,  and  2-  C  yield  a  distillation  residue  too  soft 
for  a  penetration  test,  but  siifliciently  viscous  for  a 
float  test  and  therefore  would  be  classed  as  slowly 
hardening  products  whose  consistency  might  increase 
materially  after  application,  but  which  could  not  be 
expected  to  develop  an  asphalt  cement  in  place.  Mate- 
rials of  types  3-A,  3-B,  and  3-C,  yielding  a  distillation 
residue  sufficiently  hard  for  a  penetration  test,  would 
be  classed  as  products  which  will  eventually  develop 
an  asphalt  cement  in  place,  the  rapidity  of  hardening 
being  indicated  by  the  residts  of  the  distillation  test. 

A  studj^  of  the  tabulated  data,  which  included  also 
State  specification  reciuirements  for  the  various  mate- 
rials, showed  clearly  that  many  specifications  in  com- 
mon use  do  not  make  the  important  distinctions  of  the 
above  classification.  In  a  number  of  cases  several 
materials  of  entnely  different  type  were  found  to  meet 
all  the  requirements  of  a  given  specification.  For 
instance,  it  was  found  that  certain  materials  of  types 
1-A,  2-A,  and  3-A  were  submitted  to  meet  the  require- 
ments of  a  specification  for  a  certain  material  desig- 
nated as  45  per  cent  asphaltic  oil.  The  essential  re- 
quirement of  this  specification  was  that  the  material 
should  contain  between  45  and  55  per  cent  of  residue 
of  100  penetration.  The  three  distinct  types  met  this 
specification  except  that  the  material  of  type  3-A  had 
an  asphalt  content  slightly  above  the  maximum  speci- 
fied. The  specification  failed  so  far  in  defining  impor- 
tant characteristics,  that  materials  which  developed 
licpiid  residues,  ffoat  residues,  and  possibly  penetration 
residues  in  the  distillation  test  could  all  comply  with 
its  requirements. 

The  tabulated  data  with  respect  to  specifications 
showed  clearly  the  necessity  for  discarding  many  tests 
in  current  use  if  any  simplification  is  to  be  effected. 
As  an  example,  in  one  region  the  51  specifications  for 
liquid  asphaltic  products  rec^uii-ed  a  total  of  44  different 
tests. 

Early  in  1932  a  second  series  of  regional  meetings 
was  held  to  consider  the  data  which  had  been  developed 
by  the  cooperative  tests  and  to  obtain  an  expression 
from  the  States  on  the  adoption  of  the  proposed  sim- 
plified scheme  of  analysis  for  use  in  future  specifications 
and  the  elimination  of  other  tests  which  might  be  con- 
sidered unnecessary. 

The  proposed  scheme  of  analysis  has  been  modified 
slightly  with  respect  to  certain  details  in  the  method  of 
making  the  distillation  test,  and  the  test  for  solubilitv 
in  naphtha,  which  had  been  added  to  the  original 
scheme  in  the  first  series  of  regional  meetings,  was 
eliminated  by  the  majority  of  the  States  represented  at 
the  second  series  of  meetings.  Aside  from  these  changes 
the  simplified  scheme  of  analysis,  as  considered  at  the 
second  series  of  regional  meetings,  is  substantially  the 
same  as  the  scheme  in  its  present  recommended  form, 
which  is  given  in  the  following  paragraphs. 

KECOMMENDED   SIMPLIFIED   SCHEME   OF   ANALYSIS   FOR    USE   IN 
SPECIFICATIONS  FOR  UQUID  ASPHALTIC  ROAD  MATERIALS 

1.  Flash  point: 

a.  Cleveland  open  cup  for  materials  having  a  flash  i)oint 
of  175°  F.  or  more.  A.  S.  T.  M.  standard  mctjiod 
D  92-24. 


h.  Tagliabiie  open  cup  ^  for  materials  ha\  ing  a  flash  point 
of  less  than  175°  F.  Method  a])proved  l)y  the  Bu- 
reau of  Kxj)losives,  30  Vcsey  Street,  New  York  City, 
and  by  the  Interstate  Commerce  Coinrnission  (Regu- 
lations for  Transi)ortatioa  of  Exjilosivcs,  etc.,  par. 
227;. 

2.  Consistcncv: 

A.  Viscosity,  Furol,  A.  S.  T.  M.  standard  method  1)  88-30. 

a.  At  77°  F.  for  dust  layers,  primers,  and  all  i)rod- 
nets  which  are  ajjjilied  without  warming. 

h.  At  122°  F.  for  all  jiroduets,  including  cut-l)acks, 
whicli  are  warmed  slightly  before  application. 

c.  At  210°  F.  for  all  highly  viscous  ])roducts  which 
must  be  heated  to  approximately  200°  V.  or 
above  before  application  and  which  have  a 
viscosity  of  less  than  300  seconds  at  this 
temperature. 

B.  Float  test  at  122°  F.  on  materials  having  a  viscositv, 

Furol,  of  more  than  300  seconds  at  210°  F.     A.  S.  T. 
M.  standard  method  D  139-27. 

3.  Distillation — for  all  products: 

Total  distillate,  bv^  volume,  at  the  following  tem])era- 
tures:  437°  F.,  600°  F.,  680°  F. 

A.  S.  T.  M.  standard  method  D  20-30  with  the  follow- 
ing modifications: 

Sample  distilled  sliall  be  200  cubic  centimeters,  the 
weight  of  this  volame  to  be  calculated  from  the  specific 
gravity  at  60°  F. 

Bull)  of  thermometer  shall  he  immersed  to  a  point  one- 
fourth  inch  above  bottom  of  flask. 
Condenser  shall  be  water  cooled. 

Distillate  shall  be  collected  in  100-cubic-centimeter 
graduated  glass  cylinders  and  the  amount  of  distillate 
shall  be  rejiorted  in  ])ercentages  by  volume  of  water-free 
material. 

Distillation  shall  be  stopped  at  680  °F.  and  the  amount 
of  distillate  read  to  the  nearest  cubic  centimeter  after  the 
condenser  has  been  allowed  to  drain  thoroughly  into  the 
receiver.  The  total  residue  shall  then  be  poured  immedi- 
ately into  an  8-ounce  tin  and  allowed  to  air  cool  without 
covering  to  a  temperature  below  its  fuming  point  suitable 
for  ]50uring.  It  shall  then  be  stirred  and  poured  into 
pro]:)er  receptacles  for  additional  tests. 

Temperatures  observed  in  the  distillation  test  shall  be 
corrected  for  the  effect  of  the  altitude  of  the  laboratory 
in  which  the  test  is  made.     (See  A.  S.  T.   M.  standard 
method  D  86-30.) 
4.  Tests  on  residue  from  distillation: 

a.  Float  test  at  122°  F.  on  all  residues  having  a  float  of 
more  than  25  seconds  at  this  temperature  and  hav- 
ing a  penetration  of  more  than  300  at  77°  F.  (100 
grams,  5  seconds.)  A.  S.  T.  M.  standard  method  D 
139-27. 
h  Penetration  at  77°  F.  on  all  residues  of  less  than  300 
penetration  (100  grams,  5  seconds).  A.  S.  T.  M. 
standard  methorl  D  5-25. 

c.  Ductility  at  77°  F.  on  all  residues  of  less  than  200 

penetration  at  77°  F.  (100  grams,  5  seconds).    A.  S. 
T.  M.  tentative  method  D  113-26T. 

d.  Solubility  in  carbon  disulphide — all  residues.     A.  S.  T. 

M.  standard  method  D  4-27. 


2  Method  of  test  for  flash  point  with  Tagliabiie  open  cup:  The  Tagliabuo  open  cup 
flash  tester  shall  be  used.    The  instrument  shall  set  firm  and  level. 

Fill  the  metal  bath  cup  with  water  having  a  temperature  at  least  20°  F.  below  the 
probable  flash  point  of  the  oil  to  be  tested,  leavuig  room  for  displacement  b.v  the  glass 
oil  cup,  which  is  then  placed  in  the  bath. 

Fill  the  glass  oil  cup  with  the  oil  to  be  tested  to  within  five-sixteenths  inch  of  its 
upper  level  edge.  See  that  there  is  no  oil  on  the  outside  of  the  cup,  or  upon  its  upper 
level  edge,  using  soft  paper  to  clean  the  cup. 

Adjust  the  horizontal  flashing-taper  guide-wire  in  place.  Suspend  the  thermome- 
ter, with  its  bulb  well  covered  by  the  oil.  Heat  bath  with  small  flame  lamp  having 
the  flame  so  adjusted  that  it  will  raise  the  temperature  of  the  oil  at  a  rate  of  2;.^°  F. 
per  minute,  without  removing  the  lamp  during  the  whole  operation. 

For  viscous  liquids  it  is  necessary  that  the  litpiid  be  stirred  at  intervals  during  the 
te.st. 

Remove  air  bubbles,  if  any,  from  the  surface  of  the  oil  before  first  trial  for  flash  is 
made. 

At  the  proper  trial  temperatures,  noted  below,  try  for  flash  with  a  small  bead  of 
flame  (not  over  one-eighth  inch)  bj  drawing  it  (luickly  and  without  pause  across  the 
guide  wire  from  left  to  right. 

The  temperature  at  which  the  first  or  initial  flash  is  obtained  is  called  the  flash 
point. 

Trial  temperatures:  For  materials  which  may  bo  expected  to  flash  at  about  80°  F., 
try  for  flasli  at  70°  F.,  then  at  Ih",  77°,  7'J°,  81°,  83°,  and  85°.  For  other  materials 
try  for  flash  first  at  a  temperature  about  20°  F.  below  the  expected  flash  point  and  then 
try  for  flash  at  every  5°  F. 


92 


PUBLIC    ROADS 


Vol.  13,  No.  6 


MUCH  PROGRESS  MADE  AT  REGIONAL  MEETINGS 

The  discussions  which  took  place  at  the  second  series 
of  regional  meetings  related  entirely  to  the  adoption  or 
elimination  of  test  requirements  and  no  attempt  was 
made  to  set  up  test  limits  for  specification  ])uri)oses. 
The  action  taken  at  the  meetings  was  quite  informal  in 
the  sense  that  the  acceptance  or  rejection  of  a  test  by 
a  State  was  considered  to  represent  the  intent  of  that 
particular  State  with  respect  to  its  own  specifications 
and  the  action  of  a  majority  was  not  considered  as 
binding  on  the  minority. 

The  important  accomplishments  of  these  meetings, 
which  were  attended  by  representatives  of  30  of  tlie  48 
State  highway  departments,  are  summarized  as  follows: 

The  adoption  of  the  tests  for  flash  point,  as  given  in 
the  simplified  scheme,  was  practically  unanimous,  as 
was  also  the  adoption  of  the  Saybolt-Furol  viscosity 
test  to  replace  the  Engler  test.  With  few  exceptions 
it  was  agreed  that  the  temperatures  at  which  viscosity 
determinations  would  be  made  would  be  77°  F.,  122° 
F.,  and  210°  F.  It  was  also  generally  agreed  that  the 
float  test  at  122°  F.  would  be  used  for  materials  having 
a  viscosity,  Furol,  of  more  tlian  300  seconds  at  210°  F. 

With  two  exceptions,  the  distillation  test  as  described 
was  adopted  for  cut-back  materials  by  all  the  States 
represented,  but  the  majority  were  not  prepared  at 
present  to  extend  its  use  to  materials  other  than  cut- 
backs. A  number  announced  the  intention  of  making 
a  further  study  of  its  siiitability  for  the  materials  not 
classed  as  cut-backs.  Discussion  of  this  question  led 
the  representatives  of  the  States  in  region  No.  3  to 
define  cut-backs  as  follows:  Cut-back  asphalt  is  a 
liquid  asphaltic  product  which,  when  distilled  to  680° 
F.,  yields  a  residue  of  less  than  300  penetration  at  77°  F. 

It  was  generally  agreed  that  the  end  point  of  the 
distillation  test  should  be  680°  F.  and  that  the  volume 
of  distillate  should  also  be  determined  at  437°  F.  and 
600°  F.  One  region  agreed  to  use  no  other  tempera- 
tures. One  region  added  another  cut  at  374°  F.; 
another  made  the  use  of  this  temperature  optional; 
and  the  other  two  regions  added  to  it  the  tempera- 
tures of  302°  F.,  320°  F.,  and  500°  F.,  with  the  general 
agreement  that  not  more  than  four  temperatures  in 
addition  to  that  of  680°  F.  would  be  used  in  any  one 
specification. 

The  agreement  to  adopt  the  proposed  tests  of 
residues  from  the  distillation  test  was  practically 
unanimous. 

With  res])ect  to  the  elimination  of  tests  not  included 
in  the  simplified  scheme  of  analysis,  there  was  less 
unanimity  of  opinion  than  in  the  case  of  the  tests  in- 
cluded in  the  scheme,  but,  in  spite  of  this,  considerable 
progress  was  made. 

As  has  been  noted,  the  agreement  to  replace  the  Engler 
with  the  Saybolt-Furol  viscosimeter  was  practically 
xmanimous  and  only  a  small  minority  expressed  the 
intention  of  retaining  the  test  for  insolubility  in 
naphtha.  However,  a  large  majority  favored  the  re- 
tention of  the  test  for  the  determination  of  asphalt 
content,  particularly  for  materials  other  than  cut-backs, 
until  such  time  as  it  is  more  definitely  established  that 
the  tests  in  the  simplified  scheme  are  adequate  to 
replace  it.  A  large  number  of  those  who  favored  the 
continued  use  of  the  asphalt  content  test  also  favored  a 
ductility  test  on  the  residue. 

About  half  the  States  represented  at  these  meetings 
will  continue  to  use  the  volatilization  test  (loss  on  heat- 
ing for  five  hours  at  325°  F.)  for  the  time  being,  at 
least,  although  of  these  about  half  will  use  it  only  for 


materials  other  than  cut-backs.  The  States  retaining 
the  volatilization  test  generally  will  retain  also  pene- 
tration or  float  tests  on  the  residues  from  volatilization. 

The  volatilization  test  at  212°  F.,  which  has  been 
used  to  a  limited  extent  in  the  past,  was  rejected  with 
only  one  dissenting  vote.  The  elimination  of  the  test 
for  fixed  carbon  was  also  practically  unanimous. 

The  test  for  the  determination  of  paraffine  scale, 
concerning  which  there  has  been  much  discussion  during 
the  past  few  years,  particularly  in  the  States  of  region 
No.  5,  received,  in  the  various  meetings,  only  one  vote 
for  its  retention.  It  is  known,  however,  that  at  least 
one  other  State,  which  was  not  represented  at  the 
meetings,  will  continue  to  use  the  test  in  spite  of  its 
questionable  accuracy  and  problematical  value. 

The  test  for  solubility  of  original  materials  in  carbon 
tetrachloride  will  not  be  continued  to  any  extent  except 
in  one  region. 

The  vote  for  the  elimination  of  specific-gravity  de- 
terminations on  original  materials  and  distillates  and 
float  tests  on  original  materials  at  77°  F.  and  90°  F. 
was  so  nearly  unanimous  that  their  continued  use  will 
be  practically  negligible. 

This  summary  of  accomplishment  evidences  a  truly 
encouraging  progress  in  the  simplification  program, 
particularly  when  one  considers  the  relatively  short 
time  during  which  the  cooperative  efl'ort  has  been 
carried  on.  However,  much  remains  to  be  accomplished 
before  the  program  can  be  brought  to  a  satisfactory 
working  basis.  Misunderstandings  and  misconcep- 
tions must  be  cleared  up  and  a  more  complete  know- 
ledge and  understanding  of  many  details  must  be 
obtained.  As  an  aid  in  this  direction  it  is  believed  that  a 
discussion  of  the  logic  of  the  proposed  simplified  scheme 
of  testing  and  a  critical  analysis  of  other  tests  still  in 
common  use  in  certain  regions  will  be  of  service. 

ESSENTIAL  PROPERTIES  TO  BE  DEFINED  IN  SPECIFICATIONS  FOR 
UQUID  ASPHALTIC  PRODUCTS 

Without  regard  to  the  individual  tests  which  may  be 
used  for  the  purpose,  it  seems  important  to  specify  cer- 
tain fundamental  properties  of  liquid  asphaltic  products, 
depending  upon  their  method  of  use  and  the  purpose 
which  they  are  expected  to  serve.  Of  these,  the  most 
important  appear  to  be: 

1.  Original  consistency. 

2.  Ultimate  consistency  as  representing  the  material 
developed  after  application. 

3.  Relative  rapidity  of  the  change,  if  any,  from  origi- 
nal consistency. 

4.  Amount  and  character  of  active  bitumen  remaining 
after  application. 

Original  consistency.- — The  determination  of  con- 
sistency of  the  original  material  is  essential  and,  in  the 
case  of  liquid  asphaltic  products,  it  is  commonly  as- 
certained by  a  test  for  viscosity.  Some  form  of  viscosity 
test  almost  invariably  has  been  incorporated  in  specifica- 
tions for  materials  of  this  character.  The  method 
chosen  for  determining  viscosity  of  highway  materials 
usually  has  involved  the  use  either  of  the  Engler  viscosi- 
meter or  of  the  Saybolt-Furol  viscosimeter,  the  test 
being  made  with  each  instrument  at  a  variety  of  temper- 
atures ranging  from  77°  F.  to  212°  F. 

As  has  been  noted,  the  decision  to  substitute  the 
Saybolt-Furol  test  for  the  Engler  test  in  the  simpUfied 
scheme  of  analysis  was  practically  unanimous  and  it 
was  generally  agreed  to  make  the  viscosity  determina- 
tions at  temperatures  of  77°  F.,  122°  F.,  and  210°  F. 
The  primary  reason  for  the  selection  of  the  Saybolt- 
Furol  instrument  in  preference  to  the  Engler  is  the 
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considerably  shorter  time  which  is  rccjiiircd  for  (ho  test. 
The  avaihibihty  of  apparatus  with  multiple  tubes  and 
an  accurate,  automatic  temperature  control  ai'e  added 
advantages  of  the  Saybolt-Furol  test. 

The  maximum  temperature  originally  proposed  for 
the  viscosity  test  was  212°  ¥.  (100°  C),  but  tliis  was 
changed  to  210°  F.  to  eUminatc  the  general  need  for 
the  use  of  an  oil  bath  instead  of  a  water  bath.  The 
difference  between  the  two  temperatures  is  not^  par- 
ticularly important,  but  the  advantage,  if  any,  gained 
by  the  change  to  210°  F.  is  not  general,  since  in  labora- 
tories located  at  altitudes  much  over  1,000  feet  above  sea 
level  the  oil  batli  must  be  used  for  eitlier  temjjerature. 

The  viscosity,  or  resistance  to  flow,  of  all  liquid 
bitiuninous  materials  may  be  decreased  by  raising  their 
temperatures,  but  the  decrease  in  viscosity  per  unit  rise 
in  temperature  often  varies  greatly  for  different  prod- 
ucts. Therefore,  a  given  viscosity  value  at  an  elevated 
temperature,  such  as  212°  F.,  by  no  means  indicates  the 
viscosity  or  consistenc}'  of  the  product  at  a  more  normal 
temperature. 

Consequently,  it  is  desirable  when  possible  to  ascer- 
tain the  consistenc}^  of  bituminous  road  materials  at 
what  may  be  considered  a  normal  temperature.  Since 
77°  F.  has  been  accepted  generally  as  an  average  normal 
temperature,  it  is  desirable  to  make  the  viscosity  test 
at  this  temperature  when  it  is  possible  to  do  so  satis- 
factorily. However,  many  of  the  liquid  asphaltic 
products  are  so  highly  viscous  that  a  satisfactory 
determination  at  77°  F.  can  not  be  made.  In  such  cases 
it  is  necessary  to  make  the  test  at  some  elevated  tem- 
perature, and  this  preferably  should  be  within  the  range 
to  wliich  the  material  may  be  subjected  in  service 
subsequent  to  its  application.  A  temperature  of  140° 
F.  represents  the  approximate  maximum  of  this  range. 
Many  materials  wlrich  are  too  viscous  to  be  tested  at 
77°  F.  may  be  tested  accurately  at  122°  F.,  and  this 
test  temperature,  which  is  within  the  service  range,  has 
come  into  quite  general  use  for  such  products.  In  the 
proposed  simplified  scheme  of  analysis,  therefore,  77° 
F.  and  122°  F.  were  put  forward  as  being  satisfactory 
temperatures  for  the  great  bulk  of  products  now  in  use. 

Some  products  so  nearly  approach  the  semisolid  state 
in  original  consistency  at  normal  temperatures  that 
satisfactory  viscosity  tests  can  not  be  made  on  them 
even  at  a  temperature  of  140°  F.  or  considerably  higher. 
For  such  products  the  temperature  of  210°  F.  has  been 
adopted.  As  a  result  of  further  consideration  of  the 
matter  and  subsequent  analysis  of  the  cooperative  test 
data,  it  now  appears  that  it  might  be  advantageous  to 
eliminate  determinations  of  viscosity  at  this  high  tem- 
perature and  substitute  the  float  test  at  122°  F.  as  a 
measure  of  consistency  of  those  products  which  can  not 
be  tested  for  viscosity  at  122°  F. 

It  seems  highly  desirable  to  control  the  consistency 
of  all  materials  by  tests  at  temperatures  within  the 
range  of  those  encountered  in  service  subsequent  to 
application.  At  the  present  time  the  float  test  appears 
to  be  the  only  acceptable  test  which  is  satisfactory  for 
such  determinations  when  the  material  is  too  viscous 
for  a  viscosity  test  and  too  soft  for  a  penetration  test 
witliin  this  range  of  temperature.  Wliile  it  can  not  be 
translated  accurately  into  terms  of  viscosity  or  peneti'a- 
tion  for  all  types  and  grades  of  asphaltic  material, 
nevertheless  it  gives  an  idea  of  approximate  consistency 
which  is  far  more  significant  than  a  viscosity  test  at 
210°  F. 

As  has  been  stated  previously,  the  viscosity  at  210° 
F.  or  212°  F.  does  not  indicate  consistency  at  normal 


temperature,  and  from  the  standpoint  of  the  applica- 
tion of  a  nuiterial  no  record  of  viscosity  at  such  an 
elevated  temperature  appears  necessary.  For  all 
practical  purposes,  therefore,  it  is  believed  that  the 
float  test  at  122°  F.  will  be  satisfactory  as  a  measure  of 
consistency  of  the  class  of  materials  which  are  too 
viscous  for  a  viscosity  test  at  122°  F.  and  too  soft  for 
a  penetration  test  at  77°  F. 

Ultimate  consistency  as  representing  indterlal  deoeloped 
after  application. — In  certain  typc^s  of  highway  con- 
struction and  treatment,  licpiid  aspludtic.  materials  are 
used  in  ])refercnce  to  the  semisolid  varieties  to  facilitate 
their  application  to  or  manipulation  with  the  non- 
bituminous  constituents  of  the  roadway  surface.  If  it 
were  practicable  to  use  a  much  more  viscous  product, 
such  a  product  frequently  would  be  used  preferentially 
to  produce  without  delay  the  results  which  it  planned 
to  secure  ultimately.  In  other  words,  while  not  in- 
variably so,  it  is  freciuently  desirable  that  the  viscosity 
or  consistency  of  the  original  material  should  Ijecome 
greater  after  it  has  been  applied.  Tlierefore,  it  is 
(lesirable  to  ascertain  and  properly  describe  in  specifica- 
tions the  approximate  degree  to  which  the  original 
material  will  harden  or  increase  in  viscosity  after  use. 
Various  tests  have  been  used  with  this  general  purpose 
in  mind,  but  comparatively  few  actually  give  the  de- 
sired information  for  reasons  which  will  be  discussed 
later.  Before  the  simplified  scheme  of  analysis  was 
proposed,  these  tests  were  carefully  considered  from  all 
standpoints  and  it  was  concluded  that  the  distillation 
test,  with  the  thermometer  bulb  in  the  liquid  rather 
than  in  the  vapor  j^hase,  canre  nearer  to  giving  the 
desired  information  than  any  other  single  test. 

A  distillation  test  carried  to  an  end  temperature  of 
680°  F.  has  been  used  for  some  years  by  a  number  of 
the  State  highway  departments  in  the  testing  of  cut- 
back asphalts.  The  definition  of  a  cut-back,  which 
consists  of  an  asphalt  cement  fluxed  to  fluid  consistency 
with  a  volatile  distillate,  luis  been  given.  Such  prod- 
ucts, when  ex])osed  in  relatively  thin  fihns,  are  known 
to  revert  to  the  approximate  consistency  or  penetra- 
tion of  the  original  asplialt  cement  through  loss  by 
volatilization  of  the  solvent.  In  order  to  remove  the 
solvent  rapidly  by  distillation  it  is  necessary  to  carry 
the  distillation  to  GSO°  F.  In  the  case  of  cut-back 
asphalts,  therefore,  in  order  to  determine  the  approxi- 
mate consistency  which  the  original  matei'ial  may  be 
expected  to  attain,  after  application,  the  material  is 
distilled  to  (380°  F.  and  the  penetration  of  the  residue 
remaining  after  distillation  is  taken  as  an  indication  of 
the  increase  in  consistency  which  may  be  expected  to 
occur  under  conditions  of  use. 

Since  cut-back  products  tend  to  liardcn  tlirough  the 
loss  of  volatile  constituents  which  are  removed  as 
distillates  in  the  distillation  test,  it  secnxs  reasonable  to 
believe  that  the  test  is  as  applicable  to  the  liquid  as- 
phaltic products  of  other  types,  and  that  a  determina- 
tion of  consistency  of  the  residue  obtainetl  from  dis- 
tillation will  serve  as  a  reasonably  accurate  measure  of 
the  degree  of  hardening  which  any  such  i)roduct  ma}' 
be  expected  to  undergo  after  ajiplication. 

The  penetration  test  at  77°  F.  is  a  satisfactorv 
measure  of  consistency  where  it  can  be  used,  but  many 
of  the  liquid  asi)haltic  ])roducts  which  have  proved, 
adequate  for  ceitain  purj)oses  will  not  yield  a  distilla- 
tion residue  sufficiently  hard  to  l)e  subjected  to  the 
penetration  test.  P^or  s\ich  residiics,  therchue,  the 
float  test  at  122°  F.  has  been  included  in  the  simplified 
scheme  of  analysis.     This  permits  the  rating  of  con- 
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sistency  of  residues  as  liquid  if  the  float  test  is  less  than 
25  seconds;  by  float  test  if  this  exceeds  25  seconds  and 
the  penetration  is  more  than  300;  and  by  the  penetra- 
tion test  if  the  penetration  is  less  than  300. 

Bate  of  change  in  consistency. — In  many  types  of 
construction  the  rate  of  change  in  consistency  after  use 
is  important  and  it  is  desirable  to  have  a  knowledge  of 
the  probable  rapidity  with  which  this  change  will  take 
place  and  also  to  have  a  means  for  its  approximate 
control.  Here  again  the  distillation  test  proves  superior 
to  other  tests  which  have  been  used,  smce  it  permits  the 
deteimination  of  the  percentage  of  volatile  materials 
which  distill  off  at  temperatures  intermediate  between 
the  initial  boiling  point  and  the  final  test  temperature 
of  680°  F.  The  yalue  of  the  distillation  test  in  this 
connection  has  already  been  demonstrated  in  its  appli- 
cation to  cut-back  asphalts.  By  the  proper  selection 
of  temperatures  and  corresponding  percentages  of 
distillate  the  rate  of  change  in  consistency  can  be  con- 
trolled within  reasonable  and  practicable  limits.  Prob- 
ably not  more  than  three  temperatures  at  properly 
spaced  intervals  will  be  required  to  give  the  necessary 
information.  In  the  simplified  scheme  of  analysis  the 
temperatures  which  have  been  proposed  are  437°  F., 
600°  F.,  and  the  end  temperature  of  680°  F.  These 
temperatures  should  be  sufficient  for  road  oils  and 
slowly  hardening  cut-backs,  but  for  qidckly  hardening 
cut-backs  an  additional  lower  temperature,  possibly 
374°  F.,  may  be  required. 

Amount  and  character  of  active  bitumen  remaining 
after  application. — In  addition  to  obtaining  the  change 
in  consistency  of  a  material  by  measuring  the  con- 
sistency of  the  residue  from  the  distillation  test  and 
ascertaming  the  relative  rapidity  of  the  hardenmg 
process,  the  distillation  test  also  makes  it  possible,  by 
recording  the  volume  of  residue,  to  determine  the 
amount  or  percentage  of  the  final  product  in  terms  of 
the  original  material. 

Other  characteristics  of  the  residual  bitumen,  in 
addition  to  its  amount  and  consistency,  are  of  interest. 
Thus,  its  freedom  from  admixture  with  foreign  sub- 
stances can  be  readily  obtained  by  the  test  for  solubility 
in  carbon  disulphide,  which  has  been  included  in  the 
proposed  scheme  of  analysis.  It  is  suggested  that  the 
test  for  solubility  in  carbon  tetrachloride  may  be  even 
more  useful  since  it  is  indicative  of  all  the  information 
furnished  by  the  carbon  disulphide  test  and,  at  the 
same  time,  it  may  assist  in  difl'erentiating  between 
materials  produced  by  straight  distillation  or  mild 
cracking  and  those  produced  by  severe  cracking  pro- 
cesses, which  may  have  characteristics  approaching 
those  of  tar. 

For  residues  which  would  be  classed  as  asphalt 
cements  and  which  are  sufficiently  hard  to  have  a 
penetration  of  less  than  200  at  77°  F.  it  was  considered 
desii-able  to  include,  in  the  scheme  of  analysis,  a  test  for 
ductUity  of  the  residue  at  77°  F. 

FLASH  POINT  TEST  ESSENTIAL  AS  SAFETY  MEASURE 

In  addition  to  what  are  believed  to  be  essential  tests, 
one  other  test  may  legitimately  be  included  in  the 
simplified  scheme  of  analysis,  namely,  the  flash-point 
test. 

Certain  classes  of  asphaltic  road  materials  containing 
a  very  volatile  distillate  may  flash  at  relatively  low 
temperatures.  The  regulations  of  the  Interstate  Com- 
merce Commission  governing  the  rail  shipments  of  such 
materials  require  that  the  flash  point  be  determined 
with  the  Tagliabue  open  cup  and  that  materials  which 


flash  at  a  temperature  of  80°  F.  or  less  be  identified  by 
a  special  label.  Accordingly,  the  use  of  the  Tagliabue 
open  cup  has  been  specified  in  the  simplified  scheme  of 
analysis  for  materials  of  low  flash  point  and  the  method 
of  test  approved  by  the  Bureau  of  Explosives  has  been 
adopted. 

In  addition  to  a  flash  point  test  to  determine  com- 
pliance with  shipping  regulations,  it  is  desirable,  from 
the  standpoint  of  safety,  to  limit  the  minimum  flash 
point  of  materials  which  are  to  be  heated  before  appli- 
cation. For  materials  flashing  at  175°  F.  or  higher  the 
test  with  the  Cleveland  open  cup  (A.  S.  T.  M.  standard 
method  D  92-24)  has  been  adopted.  Since  this 
method  restricts  the  test  to  a  minimum  temperature  of 
175°  F.,  this  temperature  has  been  made  the  upper 
limit  for  flash  point  determinations  with  the  Tagliabue 
instrument. 

TESTS  OF  QUESTIONABLE  VALUE 

We  have  discussed  the  tests  included  in  the  simplified 
scheme  wliich  are  beheved  to  be  essential  for  defining 
desirable  properties  of  liquid  asphaltic  products  for 
liighway  use.  A  critical  examination  of  other  tests 
which  are  commonly  employed  in  the  specifications  for 
such  products  is  in  order.  In  the  1932  series  of  regional 
conferences  quite  general  agreement  was  reached  by 
the  representatives  of  the  State  highway  departments 
regarding  the  advisability  of  eliminating  such  tests  as 
specific  viscosity  (Engler),  specific  gravity,  fixed  carbon, 
paraffine  scale,  and  float  test  on  original  material  at 
other  than  122°  F.,  and  therefore  further  discussion  of 
these  tests  is  unnecessary. 

Tests  for  asjjhalt  content  or  residue  of  a  given  penetra- 
tion.— Probably  no  single  test  has  become  more  firmly 
established  in  specifications  for  liquid  asphaltic  prod- 
ucts than  that  for  the  determination  of  percentage  of 
residue  of  a  given  penetration,  commonly  known  as  the 
asphalt  content  of  the  product.  A  general  feehng 
seems  to  prevail  on  the  part  of  highway  chemists  and 
engineers  not  only  that  the  amount  of  such  residue  indi- 
cates the  degree  of  asphaltic  character  possessed  by  the 
material,  but  also  that  in  some  way  the  actual  percent- 
age of  asphalt  content  measures  the  serviceabiUty  of 
such  products  for  highway  purposes.  While  no  direct 
claim  is  made  that  if  a  product  develops  a  given  percent- 
age of  asphalt  content  by  this  test,  it  will  develop  such 
asphalt  in  place  after  use,  tlie  feeling  prevails  that  in 
some  way  or  other  such  is  the  case,  and  so  the  liquid 
asphaltic  products  frequently  are  graded  on  the  basis  of 
their  so-called  asphalt  content. 

The  test  is  made  by  maintaining  a  weighed  sample 
exposed  to  the  air  in  an  open  receptacle  at  a  tempera- 
ture of  480°  to  500°  F.  for  whatever  period  of  time  is 
required  to  reduce  it  to  the  specified  penetration,  usu- 
ally either  100  or  80  penetration  at  77°  F.  No  experi- 
mental data  have  ever  been  made  available  to  show  that 
the  residue  so  obtained  is  even  approximately  repro- 
duced when  the  material  is  subjected  to  service  con- 
ditions, while  there  are  excellent  reasons  which  indicate 
that  such  can  not  be  the  case  except,  perhaps,  for  cut- 
back asphalts.  However,  the  test  is  not  generally 
applied  to  cut-backs,  since  the  distillation  test  has  come 
to  be  recognized  as  giving  much  more  accurate  informa- 
tion relative  to  the  probable  behavior  of  such  materials 
after  application. 

The  reasons  why  the  asphalt  content  test  does  not 
give  information  as  to  the  character  of  material  devel- 
oped after  application  are  as  follows: 

(1)  It  is  a  well-known  fact  that  asphaltic  materials, 
when  subjected  to  the  temperatures  at  which  this  test 
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is  conducted,  are,  as  a  rule,  highly  susceptible  to  oxi- 
dation, and  that  oxidation  over  the  period  of  time 
required  for  the  test  produces  chemical  changes  which 
are  not  produced  at  the  normal  temperatures  encoun- 
tered under  ordinary  service  conditions.  These  chem- 
ical reactions  result  in  an  artihcial  hardening  of  the 
j)roduct,  so  that  a  residue  which  docs  not  represent  an 
actual  residual  constituent  of  the  original  material  is 
manufactured  by  the  test  itself. 

(2)  Even  if  the  residue  of  given  penetration  actually 
existed  in  the  original  material,  no  service  conditions 
would  be  sufficiently  severe  to  develop  this  residue  in 
place  except  possibly  in  a  thin  film  on  the  highway 
surface.  Thus,  many  liquid  residual  petroleums,  from 
which  a  given  percentage  of  asphalt  of  a  given  pene- 
tration may  be  obtained  from  distillation  processes  as 
conducted  in  a  refinery,  will  never  develoi^  this  asphalt 
as  such  under  service  conditions  because  the  oils  which 
hold  the  actual  asphalt  in  solution  are  nonvolatile  at 
ordinary  atmospheric  temperatures  and  never  leave  the 
asphalt  residue  under  conditions  of  use. 

In  view  of  these  facts,  the  question  at  once  arises 
as  to  what  purpose  an  asphalt  residue  serves,  even 
when  present,  if  it  is  never  allowed  to  develop  as  an 
asphalt  cement.  Certainly  it  can  not  develop  high 
binding  value  because  no  liquid  asphaltic  product  which 
does  not  harden  can  be  shown  to  possess  high  binding 
properties  any  moi'e  than  can  any  permanently  liquid 
glue.  Hardening  is  necessary  to  develop  binding  prop- 
erties and  it  is  therefore  of  far  greater  importance  to 
determine  the  probable  change  in  consistency  or  hard- 
ening of  the  material  after  use  than  it  is  to  determine 
the  amount  of  material  of  a  given  hardness  which  can 
be  obtained  only  by  artificial  means  which  are  not 
duplicated  by  conditions  of  service. 

It  has  already  been  pointed  out  that  the  distillation 
test  is  capable  of  indicating  the  probable  degree  of 
hardening  that  the  material  may  be  expected  to  reach 
after  application  to  or  incorporation  with  the  mineral 
aggregate.  However,  quite  a  few  engineers  and  chem- 
ists, who  have  come  to  depend  upon  the  asphalt  content 
test,  feel  that  the  distillation  test  does  not  always  give 
them  the  information  which  is  desired  because  of  the 
fact  that  many  liquid  asphaltic  products,  which  will 
yield  a  relatively  high  asphalt  content,  often  show  little 
loss  by  distillation  to  680°  F.  and  yield  a  distillation 
residue  which  is  still  fluid.  It  has  been  pointed  out 
that  if,  upon  distillation,  a  liquid  residue  remains,  the 
product  can  not  be  expected  to  develop  an  asphalt 
cement  after  application.  So  long  as  the  asphalt  cement 
which  may  exist  is  held  permanently  in  solution,  it 
appears  to  be  quite  immaterial  what  the  exact  percent- 
age of  such  asphalt  cement  may  be. 

It  would  seem,  therefore,  that  the  asphalt  content 
test  might  well  be  abandoned  altogether  for  use  in 
specifications,  together  with  such  tests  on  the  resulting 
residue  as  are  sometimes  specified.  In  this  connection, 
particular  reference  is  made  to  requirements  for  duc- 
tility of  residue  of  a  given  penetration  since  the  physical 
properties  of  the  residue  will  vary,  depending  upon  the 
temperature  at  v/hich  the  residue  is  produced  and  th(i 
length  of  time  it  is  exposed  to  the  oxidizing  action  of 
air  at  that  temperature. 

Volatilization  loss  at  325°  F.  and  212°  F.  and  tests  on 
residues. ^DeteTmm&iion  of  loss  by  volatilization  at 
325°  F.  and  consistency  of  the  resulting  residue  are 
tests  which  originally  were  devised  for  asphalt  cements 
and  fluxes  in  connection  with  their  use  in  hot  asphalt 
paving  mixtures.     In  the  preparation  of  such  mixtiires 


the  asphaltic  constituents  arc  ciistomarily  maintained 
at  a  temperature  of  a])])roximately  325°  F.  over  rather 
long  periods  of  time  and  the  mineral  constituents  of  the 
mixture  are  also  heated  to  apj)roximatel3^  this  tempera- 
ture. Therefore,  it  is  quite  logical  to  make  the  tests 
on  these  products  in  coimection  with  such  iise  for  the 
purpose  of  deternuning  loss  b}'  volatilization  and  the 
degree  of  hardening  that  may  be  exi)ected  to  occur 
during  manipTdation. 

As  the  use  of  the  liquid  asphaltic  products  was  dcvel- 
oi)ed  for  low-cost  road  construction,  it  became  rather 
customary  to  utilize  the  volatilization  test  at  325°  F. 
in  specifying  such  products,  nu>rely  because  it  had  been 
used  extensively  in  connection  with  materials  for  hot- 
laid  asphalt  pavements.  A])parently  no  thought  was 
given  to  the  fact  that  many  of  these  liquid  products 
were  never  heated  to  the  temperature  at  wliich  the  test 
was  run  and  were,  in  most  cases,  applied  to  or  incor])()- 
rated  with  unheated  mineral  aggregate.  In  reality, 
therefore,  there  is  little  excuse  for  applying  this  test-  to 
liquid  asphaltic  products  except  when  it  is  intended  that 
they  shall  be  used  as  permanent  fluxes  for  hai'der 
asphalts. 

It  is  true  that,  in  the  case  of  products  which  may  be 
expected  to  increase  in  consistency  or  harden  after  use, 
appreciable  quantities  of  volatile  constituents  are  driven 
off  during  the  test  and  that  a  determination  of  the  con- 
sistency of  residue  will  indicate  some  degree  of  harden- 
ing. However,  the  test  is  run  at  the  maximum  temper- 
ature for  such  a  long  period  of  time  that  it  does  not  in 
any  way  reproduce  service  conditions.  At  best,  no 
indication  of  rapidity  of  hardening  is  given  by  the  test 
results,  such  as  is  very  definitely  shown  in  the  distilla- 
tion test  by  the  percentage  of  distillate  obtained  at 
various  temperatures  between  the  initial  boiling  point 
and  the  end-point  of  distillation.  This  fact  has  been 
recognized  by  some  testing  engineers  who  accordingly 
have  utilized  a  volatilization  test  at  212°  F.  in  addition 
to  the  test  at  325°  F.  The  relative  dift'erencc  in  loss 
and  in  consistency  of  residues  from  the  tests  at  these 
two  temperatures  tend  to  establish  some  relation 
between  the  rate  of  hardening  of  dift'erent  products,  but 
here  again  the  information  is  not  nearly  as  complete  or 
reliable  as  that  given  by  the  distillation  test.  There- 
fore, it  appears  that  all  of  the  tests  for  loss  by  volatiliza- 
tion and  tests  on  the  consistency  of  the  residues  so 
produced  could  well  be  abandoned  in  favor  of  the 
distillation  test  which,  at  least  for  cut-backs,  has  demon- 
strated its  direct  relation  to  the  behavior  of  the  material 
after  application. 

Bitumen  insoluble  in  naphtha. — In  sjjite  of  the  very 
considerable  amount  of  study  which  has  been  devoted 
to  the  subject,  the  chemical  composition  of  asphalts  is 
but  little  understood.  Their  predominating  constituent 
is  bitumen,  which  is  completely  soluble  in  carbon  disid- 
phide.  By  treating  an  asphalt  with  a  naphtha  of  low 
boiling  point  it  is  possible  to  precipitate  a  ])ortion  of  the 
bitumen  in  the  form  of  a  dark  brown  or  l)lack  ]iowder 
which  may  be  separated  by  filtration.  These  insoluble 
constituents  have  been  called  asphaUenes.  Asphal- 
tenes  are  complicated  mixtures  of  liydrocarbons,  the 
exact  function  of  which,  in  an  asphalt,  is  not  thoroughly 
imderstood.  All  asphalts  contain  s\ich  constituents, 
but  the  percentage  varies  greatly  with  the  character  of 
the  naphtha,  such  as  its  gravity  and  range  of  boiling 
points. 

When  asphalts  from  only  a  few  individual  sources 
were  commercially  available  for  highway  work  and 
when   asphaltenes   in    these   particular   asj)halts    were 
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found  to  lie  within  fairly  narrow  quantitative  limits,  it 
became  customary  to  include  in  specifications  the  test 
for  bitumen  insoluble  in  naphtha.  The  determination 
itself  served  as  no  direct  insurance  of  quality  of  the 
product  but  rather  as  a  descriptive  test. 

Later,  as  asphalts  were  developed  from  numerous 
other  sources,  it  became  apparent  that  the  percentage 
of  asphaltenes  which  they  contained  varied  within 
wide  limits  but  that  such  variation  had  no  direct 
traceable  relationship  to  the  relative  behavior  or 
serviceability  of  these  products.  Moreover,  it  was 
learned  that  the  percentage  of  asphaltenes  in  an 
asphalt  obtained  from  a  given  source  could  be  increased 
materially  by  subjecting  the  material  to  oxidation  by 
the  blowing  process.  Since  no  definite  relationship 
between  desirable  properties  of  an  asphalt  and  its 
asphaltene  content  could  be  established,  the  test  was 
gradually  eliminated  from  specifications  for  asphalt 
cements  although,  for  no  apparent  good  reason,  it  is 
still  retained  to  a  limited  extent  in  certain  specifications. 
Its  application  to  liquid  asphaltic  products,  however, 
has  become  quite  general  in  certain  sections  of  the  coun- 
try due  to  an  opinion  that  in  some  way  the  percentage 
of  asphaltenes  indicates  the  asphaltic  character  of  the 
product.  It  is  true  that  those  petroleum  products 
which  contain  but  little  asphalt  in  solution  show  a  very 
low  percentage  of  asphaltenes,  but,  because  of  the 
tremendous  variation  in  percentage  of  asphaltenes  in 
satisfactory  asphalts  from  different  sources,  it  is  appar- 
ent that  wide  variations  will  occur  in  liciuid  products 
which  contain  appreciable  quantities  of  these  asphalts 
in  solution.  The  percentage  present  in  a  given  product 
therefore  can  hardly  be  expected  to  indicate  the  suita- 
bility of  the  product  for  a  given  use. 

Many  of  the  State  highway  departments  have  agreed 
to  the  elimination  of  this  test  from  specifications,  and 
it  is  ho]:)ed  that  unanimous  agreement  upon  elimination 
will  ultinuitely  be  reached.  At  best,  the  test  is  exceed- 
ingly inaccurate  and  subject  to  wide  variations  in  the 
results  obtained  by  different  operators.  This  is  due 
not  only  to  the  difiicidty  in  standardization  of  the 
naphtha  solvent  but  also  to  the  fact  that  the  solvent  is 
constantly  changing  in  composition  through  partial 
volatilization  during  the  filtration  process  and  the 
further  fact  that  there  is  no  clear  end  point  for  separa- 
tion of  sohd:)le  from  insoluble  material.  The  filtrate 
shows  discoloration  even  after  prolonged  washing  of  the 
precipitated  asphaltenes  on  the  filter  ])ecl.  Probably 
no  other  test  which  has  been  applied  to  asphaltic 
products  can  be  less  easily  checked  by  difl'erent 
operators  than  the  test  for  bitumen  insoluble  in  naphtha, 
and  this  fact  alone  should  be  sufficient  for  its  elimina- 
tion from  specifications. 

Test  requirements  for  original  components  of  blended  or 
cut-back  products. — In  specifications  for  blended  prod- 
ucts such  as  cut-back  as])halts  some  State  highway 
departments,  in  addition  to  the  requirements  for  the 
finished  product,  include  also  detailed  requirements 
both  for  the  original  asphalt  cement  and  the  original 
distillate  to  be  used  in  the  manufacture  of  the  prodiict. 
Such  ])ractice  is  believed  to  be  unnecessary,  since  it  is 
doubtful  if  it  constitutes  a  better  guaranty  of  quality 
than  do  properly  drawn  specifications  for  the  finished 
product  only.  It  may  also  be  uneconomical  since  it 
tends  to  hamper  the  manufacturer  and  may  eliminate 
desirable  competition. 

If  specifications  for  a  cut-back  product  cover  its 
original  consistency,  the  consistency  and  character  of 
its  residue  from  the  distillation  test,  and  the  rapidity 


with  which  it  may  be  expected  to  develop  this  residue 
after  application,  it  is  immaterial  just  how  it  has  been 
manufactured.  Practically  the  same  finished  product 
often  may  be  produced  from  a  variety  of  individual 
constituents  and  this  fact  is  clearly  recognized  in  speci- 
fications for  other  materials,  as  for  example,  Portland 
cement,  in  which  no  attempt  is  made  to  specify  the 
exact  nature  of  the  original  argillaceous  and  calcareous 
constituents  from  which  it  is  manufactured. 

In  the  petroleum  industry  the  production  of  distillates 
is  of  major  importance  and  the  manufacture  of  cut- 
back asphalts  constitutes  a  very  small  part  of  the 
business.  In  the  production  of  these  distillates,  crude 
oils  from  a  great  many  sources  are  refined  by  a  variety 
of  processes  and  probably  no  two  refineries  employ 
exactly  the  same  refining  processes  on  the  same  crude 
oils.  Moreover,  their  markets  for  distillate  products 
vary  considerably,  so  that  all  do  not  produce  the  same 
standard  distillates.  Before  many  of  these  distillates 
are  placed  on  the  market  they  are  subjected  to  expen- 
sive treatments  to  improve  their  color  and  odor,  which 
characteristics  are  immaterial  from  the  standpoint  of 
use  in  the  manufacture  of  cut-back  asphalts.  Un- 
finished distillates,  therefore,  are  often  the  most  eco- 
nomical to  use  in  such  highway  materials,  and  it  would 
often  be  impractical  to  rearrange  refinery  practice  to 
produce  a  special  specification  distillate  for  the  rela- 
tively limited  use  it  would  have  for  such  products. 

Paving  asphalts,  on  the  other  hand,  have  become  well 
standardized  products  manufactured  in  a  definite  num- 
ber of  grades  ranging  from  very  hard  to  very  soft.  I*n 
general,  the  only  dift'erence  between  these  grades  is  the 
extent  to  which  the  original  crude  petroleum,  from 
which  they  are  obtained,  has  been  distilled.  In  other 
words,  the  harder  varieties  may  be  produced  from  the 
softer  ones  by  distilling  off  a  small  amount  of  oil  from 
the  latter.  It  follows  therefore  that  the  softer  grades 
may  be  produced  from  the  harder  by  fluxing  the  latter 
with  a  high-boiling  distillate  oil  similar  to  that  which 
was  removed  in  reducing  them  from  the  softer  con- 
sistency to  then-  original  degree  of  hardness. 

Many  unfinished  refinery  distillates  available  for  pro- 
ducing cut-back  asphalts  contain  a  small  amount  of 
high-boiling  oils  similar  to  those  which  would  be  re- 
moved in  converting  a  soft  asphalt  to  one  of  harder 
consistency.  When  present  in  a  cut-back  asphalt  this 
portion  of  the  original  refinery  distillate  remains  in  the 
residue  from  the  distillation  test  and,  therefore,  serves 
as  a  permanent  flux  for  the  asphalt  cement  used  in  the 
preparation  of  the  cut-back.  The  asphalt  cement  re- 
covered from  the  distillation  test  is,  therefore,  of  softer 
consistency  than  the  asphalt  originally  used. 

Specifications  for  the  finished  product  require  that 
the  residue  from  the  distillation  test  shall  be  within 
certain  limits  of  consistency  which  are  considered  es- 
sential from  the  standpoint  of  behavior  after  use.  Pro- 
vided this  recpm-ement  is  met,  it  is  apparent  that,  so  far 
as  the  consumer  is  concerned,  it  is  immaterial  whether 
the  original  cut-back  is  made  with  a  relatively  soft  as- 
phalt fluxed  with  a  distillate  which  will  be  completely 
removed  by  the  distillation  test,  or  with  a  relatively 
hard  asphalt  fluxed  with  a  distillate  containing  a  high- 
boiling  fraction  which  is  not  removed  by  the  distillation 
test  but  which  permanently  recUices  the  hard  asphalt 
to  the  consistency  specified  for  the  residue. 

These  relations,  which  are  of  great  importance  to  the 
manufacturer,  are  clearly  illustrated  in  the  diagram  of 

(Continued  on  p.  104) 


THE  BATCHING  PLANT  IN  CONCRETE  PAVING  WORK 


By  ANDREW  P.  ANDERSON.  HiRhway  Engineer,  Division  of  Management,  United  Stales  Bureau  of  Public  Roads 


THE  BATCHING  plant,  (he  primary  inirposc  of 
which  is  to  supj)ly  the  hauhiig  units  with  the  niate- 
rials  whieli  they  are  to  carry  to  the  concrete  mixer, 
is  an  essential  ])art  of  the  auxiliary  equipnient  necessary 
to  the  eflicient  functionino;  of  the  customary  portable 
])aYing  outiit.  In  these  outfits  the  ])aver  or  mixer  is 
the  ke_y  producer  with  wliich  all  e(|uipment,  operations 
and  procedures  must  be  pr()]ierly  coordinated  in  order 
to  produce  high  operating  elliciencies  and  low  unit 
costs.  Tills  is  due  to  the  fact  that  the  rate  at  which 
such  a  paving  outfit  can  produce  scjuare  yards  or  cubic 
yards  of  finished  concrete  pavement  is  definitely  fixed, 
first,  by  the  time  required  to  pass  the  specified  batch 
tlii-ougli  the  mixer,  and,  second,  by  the  extent  to  which 
this  operation  can  be  maintained  with  clocklike  preci- 
sion as  a  continuous  performance.  It  is  this  factor  of 
maintaining  steady,  continuous  operation  which  is  so 
difficult. 


Figure  1. — A  Three-Compartment  Bin  and  the  Effec- 
tive Use  of  Planks  Greatly  Reduces  the  Amount  of 
Space  Necessary  to  Handle  Two  Sizes  of  Aggregate 

Wliile  it  is  true  that  no  matter  how  large  or  how 
well  the  outfit  is  equipped,  organized,  and  managed,  the 
rate  fixed  by  the  characteiistics  and  ref[uirement  of  the 
mixer  can  not  be  exceeded,  it  is  equally  true  that  no 
necessary  or  prescribed  oi)eration  or  I'cquiremcnt  is  so 
trivial  or  so  insignificant  that  it  can  not  delay  or  hold 
np  production  just  as  eft'cctively  as  though  for  the  time 
it  were  the  sole  essential  factor.  Every  piece  of  ec^uip- 
ment,  every  group  or  assembly,  must  therefore  be  able 
to  perform  its  required  function  with  the  regularity  and 
within  the  limits  set  by  the  mixer;  otherwise  a  loss  in 
production  is  the  unescapable  penalty.  This  applies 
with  particular  emphasis  to  the  batching  plant  through 
which  all  the  i)rincipal  raw  materials  niust  pass. 

The  three  essential  functions  of  tlie  batching  plant  or 
loading  yard  are:  (1)  To  receive  the  incoming  stone  or 
gravel,  sand  and  cement,  and  provide  for  these  such 
storage  as  may  be  necessary  or  desirable  to  iron  out  the 
fluctuations  of  the  incoming  supply  so  that  the  con- 
tinuous demands  of  the  mixer  may  be  met;  (2)  to  form 
or  combine  these  materials  into  unit  ciuantities  of  the 
size  and  the  proportion  required  for  the  batch  at  least  at 
the  rate  and  with  the  regidarity  demanded  by  the  mixer ; 
and  (3)  to  provide  for  the  transfer  of  these  batches  or 
unit  quantities  into  the  hauling  imits  with  the  least 
possible  delay  or  interruption  to  the  primary  function 
of  the  trucks,  which  is  to  transport  the  batched  mate- 
rials from  the  loading  yard  to  the  mixer. 


The  usual  batching  plant  for  supplying  a  27 E  paver 
cajiable  of  producing  at  a  maximmn  rate  of  from  45  to 
'yf)  batches,  or  from  50  to  70  cubic  yards  of  concrete  per 
hour,  consists  essentially  of  a  crane  with  a  1  or  1%  yard 
bucket,  one  or  two  bins  e([uipped  with  batch-weighing 
(hn'ices,  and  a  cement  loading  |)lal  foi'in  or  a  cement  bin, 
all  generally  located  at  a  raiiroa-d  siding  where  there  is 
room  for  ample  stockpil(>s;  and  if  sack  cement  is  used 
tlu^re  must  usually  also  be  room  for  a  cement  shed  with 
a  capacity  of  at  least  one  day's  supply. 


Figure  2. — Two  Bins  With  Straight  Drive  Through 
Both.  Stock  Piles  ox  Opposite  Sides  of  Track.  Crane 
Working    on  a  Ramp    Made    of    Coarse   Aggregate 

The  function  of  the  crane  is  to  unload  materials  from 
cars  to  bins  and  to  stockpiles  and  in  the  absence  of  cars 
to  supply  the  bins  from  the  stockpiles.  It  should  in 
general  have  a  capacity  of  not  less  than  1  or  1%  cubic 
yards  and  be  capable  of  maintaining  a  regular  cycle  of 
not  to  exceed  25  seconds  per  load  from  stockpile  to  bin 
when  working  on  an  angle  of  about  90°.  From  cars  to 
bins  the  crane  should  be  able  to  maintain  an  average 
cycle  of  not  to  exceed  30  seconds.  Such  a  crane  should 
easily  be  able  to  keep  up  with  the  mixer  even  at  maxi- 
mum ])roduction  if  permitted  to  work  the  coarse  aggre- 
gate from  cars  to  bins. 

Table  1  shows  the  average  rate  of  operation,  on  10 
jobs,  of  cranes  in  good  condition,  equi])ped  with  1^4- 
yard  buckets. 

Table   1. — Crane  opern'ion,  unloading  cars  lo  bins — Averages  for 
10  jobs — IVi-ijard  bucket  cranen,  in  good  mechanical  condiiion 


IaymX  bucket,  seconds 

Swing,  seconds _- 

Dump,  seconds. 

Return  swing,  seconds _ 

Averiige  cycle,  seconds 

Average  angle  of  swing,  degrees 

Average  load  per  bucket,  cubic  yards 

Average  number  buckets  per  cubic  yard. 


Sand 

Gravel 

7.8 

8.3 

8.0 

8.4 

2.1' 

2.1 

7.  f> 

7.y 

25.  0 

2(i.  7 

00 

\V> 

.88 

.76 

Liae 

L316 

Average  time  cranes  worked,  per  cent,  fi6. 

If  all  of  the  materials  must  first  go  to  the  stockpiles, 
some  night  vmloading  of  cars  to  stockpiles  will  prol)ably 
be  required  when  mixer  production  is  high.  Where 
ground  conditions  permit,  tlie  speed  of  crane  operation 
can  be  increased  considerably  by  working  on  a  runway 
about  G  or  7  feet  high  so  that  the  operator  can  see  into 
tlie  cars.  Sucli  a  ramp  and  runway  can  be  built  up 
IVom  coarse  aggi'cgate  and  used  as  a  crane  run  until  tlie 
last  day  or  so  of  paving,  when  the  material  in  the  ramp 
is  utilized  as  a  stockpile. 
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Occasionally  the  siding  is  so  situated  that  one  or 
more  pits  can  readily  be  located  beneath  and  to  the 
3^ard  side  of  the  track.  The  materials,  shipped  in 
dump-bottom  cars,  ai"e  then  dumped  into  these  pits  to 
be  taken  by  either  a  belt  conveyor  or  the  crane  to  the 
bins  or  stockjwles  as  required.  This  method  saves 
some  time  in  that  the  crane  is  not  delayed  b}'"  cleaning 
out  the  bottoms  of  the  cars  or  in  spotting  new  cars. 

If  the  coarse  aggregate  is  of  two  sizes,  a  3-compart- 
ment  bin  should  be  used.  Two  bins  will  generally  add 
from  one-half  to  three-quarters  minute  per  batch  to  the 
time  constant  of  the  trucks  aside  from  increasing  the 
chance  for  other  delays  to  occur.  The  3-compartment 
bin  also  has  the  advantage  that  it  can  generally  be 
loaded  by  the  crane  more  readil^y  than  the  two  bins 
where  the  layout  is  properly  made  and  some  convenient 
form  of  power  unit  is  provided  for  moving  the  cars. 


Figure  3. — Lack  of  Room  for  Ami'le  Stock  Piles  and 
Specifications  Requiring  Three  Sizes  of  Coarse 
Aggregate  Necessitated  the  Use  of  Two  Cranes 

Moving  the  crane  from  one  bin  to  the  other  usually 
consumes  more  time  than  is  lost  in  keeping  three  cars 
within  reach  for  loading  into  a  3-compartment  bin. 
The  capacity  of  any  bin  or  set  of  bins  should  at  least  be 
sufficient  for  one  hour's  run  of  the  mixer.  At  least  tliis 
much  ready  storage  is  necessary  to  absorb  the  probable 
minor  crane  delays  and  interruptions  which  might 
otherwise  result  in  somewhat  similar  delays  to  the 
mixer.  It  is  much  cheaper  to  provide  this  amount  of 
reserve  storage  in  bins  than  in  trucks. 

In  the  case  of  the  cement,  conditions  are  so.metimes 
such  that  the  cement  bags  aie  loaded  dri-ectlv  from  the 
car;  but  working  wholly  from  within  the  car  is  difficult 
and  usually  it  is  preferable  to  construct  a  platform  so 
that  the  bags  can  be  trucked  from  the  car  and  dumped 
dhectly  from  this  platform  on  to  the  truck.  For  this 
purpose  the  layout  must  usually  be  studied  ratlier 
carefully  in  order  to  place  the  cement  platffirm  so  that 
the  bags  can  readily  be  dumped  from  the  hand  trucks 
directly  (  n  to  the  waiting  tvwck  without  any  rohandling 
or  moving  aroimd.  To  make  this  possible  the  platform 
must  be  about  6  inches  higher  than  the  truck  body  and 
so  located  that  the  trucks  can  readily  drive  very  close 
along  the  side.  Depressing  the  driveway  is  sometimes 
resorted  to,  but  if  the  soil  is  heavy  and  the  rainfall 
abundant  this  method  is  likely  to  prove  a  disappoint- 
ment. The  alternative  is  tossing  the  bags,  one  at  a 
time,  on  to  the  truck  by  hand.  This  ordinaiiiy 
requires  from  10  to  15  man-seconds  per  bag. 

The  most  common  way  of  handling  bulk  cement  at 
the  present  is  in  2-wheeled  buggies.  These  may  be  of 
either  the  end  or  bottoni  dumping  type.  This  method 
requires  a  platform  which  should  be  long  enough  so 


that  the  unloading  can  proceed  simultaneously  from 
two  railroad  cars.  This  gives  more  room  for  the  men 
to  work  and  so  increases  their  efficiency.  For  best 
results  that  part  of  the  bugg_y  track  which  extends  from 
the  platform  out  over  the  truck  should  be  hinged  at  the 
platform  edge  and  provided  with  a  co\inter  weight  so 
that  the  push  of  the  advancing  buggy  wheels  will  cause 
it  to  lower  to  a  horizontal  position  but  immediately 
return  to  about  75°  or  80°  with  the  horizontal  as  soon 
as  the  buggy  has  been  dumped  and  withdrawn.  A 
canvas  boot  long  enough  to  reach  the  aggregate  in  the 
truck  body  or  to  reach  well  into  the  special  cement 
container  should  be  provided.  Either  the  canvas  of 
the  boot  or  some  other  material  should  extend  high 
enough  above  the  boot  to  prevent  a  strong  wind  from 
whippiag  up  the  cement  as  it  is  being  dumped.  Table 
2  gives  the  avei'age  results  of  a  series  of  stop-watch 
studies  of  handling  bulk  cement  in  buggies. 

Table  2.  —  Handling  bulk  cement  in  hand  buggies — All  time 
readings  in  utilized  man-seconds — 630  pounds  of  cement  to  each 
buggy 


Load  buggy... 

Wheel  buggy  to  scales 

Weigh  and  adjust  to  proper  weight 

Wheel  buggy  to  dumping  place 

Dump  cement  into  truck 

Return  buggy  to  loaders 

Total  utilized  man-seconds.  . 


Job  I 


192.5 


Job  2 


120.7 

134.7 

15.9 

17.2 

16.4 

17.8 

10.4 

10.3 

17.8 

14.7 

11.3 

13.6 

In  hot  weather,  loading  the  buggies  is  very  trying 
labor.  The  number  of  shovelers  must  therefore  be 
sufficient  to  afford  frequent  rest  periods.  On  fast  jobs 
a  total  of  six  men  are  usually  employed  on  the  cement 
in  addition  to  the  weight  inspector. 

The  time  constant  of  the  trucks — i.  e.,  the  average 
total  time  spent  by  the  truck  during  each  round  trip 
in  other  activities  than  the  actual  hauling  of  the  load 
to  the  mixer  and  in  returning  again  to  the  yard — is 
generally  increased  somewhat  when  bulk  cement  is 
used,  the  amount  depending  on  the  methods  of  handling 
the  cement.  Three  rather  general  methods  are  in  use 
in  various  sections:  (1)  Dumping  the  cement  in  between 
the  aggregates,  as,  for  example,  coarse  stone,  sand, 
cement,  and  then  second-size  stone;  (2)  dumping  cement 
on  top  of  the  batch  and  covering  with  a  canvas  or 
tarpaulin;  and  (3)  carrying  the  cement  in  a  special 
container  on  the  truck. 

Of  these  methods  the  first  is  generally  the  fastest 
wherever  two  aggregate  bins  are  used.  The  cement 
platform  or  cement  bin  is  then  located  between  the  two 
aggregate  bins.  Taking  on  the  cement  thus  requires 
no  more  time  than  when  using  bag  cement.  The  second 
method  usually  requires  from  15  to  30  seconds  to  roll 
back  and  tie  down  the  tarpaulin.  A  variation  of  this 
method  is  sometimes  met  with  in  which  the  cement  is 
covered  with  a  thin  layer  of  sand  or  aggregate  instead 
of  with  a  tarpaulin.  The  usual  procedure  is  to  smooth  off 
the  top  of  the  load  throwing  the  material  in  a  heap  along 
the  edge  so  that  when  the  cement  has  been  dumped 
this  material  is  available  for  covering.  This  method 
usually  requires  two  men  and  a  delay  of  from  one-half 
to  one  minute  for  each  single-batch  truck  and  about 
twice  that  amount  for  a  3-batch  truck.  The  special 
containers  used  for  carrying  bulk  cement  are  far  from 
standardized.  The  time  required  to  load  them  there- 
fore varies  Mith  different  types.  In  general,  about 
25  to  45  seconds  are  required  for  loading  the  cement 
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Figure  4. — Handling   Bulk  Cement: 

A. — Things  to  be  Avoided  in  Handling  Bulk  Cement:  Platform    Only  Long    Enough   For   1    Car;   No   Boot  to 

Prevent  Blowing   or  Spilling  of  Cement;  3-Batch   Trucks  But  Eoom  Only  to  Dump  1  Buggy  at  a  Time 
B. — Ground  Conditions  are  Sometimes  Such  That  a  Convenient  Layout  is  Impossible 

C. — The  Loading  Platform  for  Bulk  Cement  Should  Always  be  Long  Enough  to  Permit  Work  in  2  Cars 
D. — A  Workmanlike  Cement  Platform,  Which  Permits  Efficient  Operation  of  the  Buggies  and  Affords  Ample 

Protection  Against  Blowing  and  Spilling 
E.  Two  Men   Dumping  Cement  Buggies  Simultaneously'.    On  This  Job  2-Batch  Trucks  Received  Their  Supply 

of  Bulk  Cement  in  from  7  to  7H  Seconds 
F. — A  Bulk  Cement  Batching  Plant.     On  This  Job  the  Cement  Was  Delivered  by  Trucks  Direct  from  the  Mill 


for  each  batch.  Figures  5,  A  and  5,  B  show  the  layout 
for  two  yards  using  two  bins  and  bvdk  cement.  Figure 
5,  C  shows  an  extremely  simple  layout  for  a  batching 
plant  using  one  size  coarse  aggregate  and  bag  cement. 
Table  3  gives  the  yard  time  constants  for  these  three 
layouts. 

Storage  of  bag  cement  sufficient  for  at  least  one  day's 
run  should  always  be  provided  unless  prompt  car  ar- 
rivals can  be  guaranteed.  For  a  fast  job  this  will 
ordinarily  require  a  shed  or  platform  having  a  floor 
area  of  about  550  square  feet.  Usually  the  storage  is 
in  the  form  of  a  shed  forming  a  part  of  the  regular  load- 
ing platform  so  that  the  bags  can  readily  be  shifted  by 
hand  trucks  from  the  car  to  the  shed  for  storage  and 
again,  when  necessary,  from  the  shed  to  the  batch  trucks. 


Erjuipment  for  the  mechanical  liaiulling  of  bulk 
cement  is  used  by  many  contractors.  It  would  seem 
desirable  that  the  size  of  the  bin  used  with  these  j)lants 
be  enlarged  so  as  to  provide  sufficient  capacity  for  one 
full  day's  run  of  cement  and  thus  do  awa}^  with  the 
necessity  of  using  bag  cement  as  emergency  storage. 
The  bin  should  also  be  erected  so  as  to  permit  a  drive 
straight  through  and  flius  liel|)  to  keep  down  the  time 
constant  or  loading  time  of  the  batch  trucks.  The 
following  tabulation  gives  the  average  opei-ating  char- 
acteristics of  a  t^'pical  cement-loading  plant. 

Seconds 

Fill  cement  hopi)er 17.  2 

Dump  cement  iiilc)  truck 10.  5 


Average  cycle. 


27.  7 
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Table  3. —  Yard  lime  constants,  in  seconds,  for  layouts  shown  in 

Figure  5 


Item 


Loading  aggregates 

Loading  bulk  cement  and  adjusting  tar- 
paulins  

Loading  bag  cement, _ 

Driving  within  yanl 

Turning  and  backing,. 

Fixing  batch  boards 

Total  net  yard  constant 

Average  waits  and  delays 

Total  gross  yard  constant 

Driving.distance  within  yard,  in  feet 


Layout  A 


1-batcli 
trucks 


2-batch 
trucks 


207 


110 
97 
18 

333 


800 


Layout  B 


1-batch 
trucks 


117 


2-batch 
trucks 


30 

19 

231 


Layout 
C:2- 
batch 
trucks 


135 

15 

150 

250 


The  hopper  could  always  be  filled  while  the  trucks 
were  being  exchanged  so  that  the  average  time  the 
3-batch  trucks  required  for  taking  on  the  cement  was 
73  seconds. 

The  loading  yard  must  provide  for  the  shortest  and 
most  direct  possible  routing  of  the  trucks  through  the 
yard  so  as  to  detain  each  one  as  little  as  possible;  but, 
above  all,  the  yard  and  loading  plant  must  provide  for 
the  maintenance  of  a  regular  uninterrupted  service. 
Each  minute  added  to  the  time  the  truck  must  spend 
in  the  yard  means  a  cost  of  from  2  to  about  5  cents, 
depending  on  the  size  of  the  truck  and  the  rate  paid  for 
drivers.  This  charge  occurs  each  time  a  truck  passes 
through  the  yard.  Thus,  if  2-batch  trucks  supplying 
400  batches  per  day  to  the  mixer  are  each  worth  4  cents 
a  minute,  and  if  the  yard  layout  is  such  that  to  serve 
each  truck  requires  an  average  of  2  minutes  more  than 
another  layout  would  have  re([uired,  then  the  loss  is  $16 
per  working  dtiy  so  long  as  this  yard  is  used. 

Costly  as  are  the  faults  which  increase  the  time  re- 
c[uired  for  serving  the  hauling  units,  those  faults  or  con- 
ditions of  yard  layout,  arrangement,  or  equipment  which 
contribute  to  the  irregularity  of  their  operation  are 
more  to  be  dreaded.  Any  irregular  delay  to  the  trucks 
at  the  loading  plant  is  also  likely  to  be  imposed  on  the 
mixer,  and  mixer  delays  are  far  more  expensive.  While 
a  regular  loss  of  truck  time  costs  anywhere  from  2  to  5 
cents  per  minute,  delays  to  the  mixer  entail  a  cost  of 
about  75  cents  or  even  $1  per  minute. 

Such  losses  are  not  to  be  looked  upon  lightly.  In 
fact,  an  occasional  delay  averaging  only  one  minute 
each  hour  to  the  mixer  is  likely  to  be  as  exjDensive  as  a 
I'egularly  occurring  delay  of  one  minute  to  each  truck 
loaded  out  of  the  yard.  The  first  and  most  essential 
object  of  tlie  material  plant  must  therefore  be  to 
facilitate  regular,  continuous  operation  of  the  hauling 
units  well  within  the  time  intervals  set  by  the  mixer. 

The  yard  layout  should  therefore  be  such  that,  first 
of  all,  regular,  continuous  service  can  be  readily  main- 
tained; second,  that  each  hauling  unit  will  be  detained 
in  the  yard  the  shortest  possible  time  interval  in  obtain- 
ing its  load  on  each  trip;  and,  third,  that  no  regular 
single  stop  in  the  yard  will  exceed  a  period  equal  to  the 
length  of  the  mixing  cycle  multiplied  by  the  number  of 
batches  carried  by  the  truck.  Otherwise,  the  yard 
instead  of  the  mixer  becomes  the  pacemaker. 

Care  should  be  taken  to  arrange  the  routing  of  the 
trucks  through  the  yard  so  that  there  will  be  no  inter- 
ference between  the  various  units.  Since  continuity 
and  regularity  of  service  are  the  prime  essentials,  con- 
siderable thought  should  be  given  to  the  location  and 
maintenance  of  the  road  or  driveway  through  the  yard. 
The  development  of  mudholes  in  which  trucks  might  get 


stuck  or  of  chuck  holes  endangering  springs  or  parts, 
can  not  be  tolerated,  for  a  stuck  or  disabled  truck 
generally  means  a  delay  to  the  mixer  representing  a 
loss  of  from  75  cents  to  a  dollar  per  minute,  despite  the 
fact  that  the  delay  to  the  truck  itself  means  the  loss 
of  only  a  few  cents  per  minute.  Thus,  a  long  or  slow 
passage  through  the  material  yard,  so  long  as  there  is 
nothing  to  prevent  orderly  and  regular  progress,  is  not 
so  serious.  Even  the  worst  yard  condition  of  this  kind 
would  probably  not  mean  more  than  one  additional 
large  truck  or  about  $25  per  day.  On  the  other  hand, 
three  10-minute  mixer  delays  during  the  course  of  the 
day  will  probably  exceed  this  loss. 

As  examjiles  of  the  actual  eft'ect  yard  layout  and 
management  have  in  determining  the  length  of  time 
rcc^uired  for  each  vehicle  to  take  on  its  load  and  pass 
through  the  yard,  24  rather  typical  jobs  were  selected, 
one  half  having  a  fairly  good  yard  layout  and  able 
management  and  the  other  half  with  poor  yard  layouts 
and  only  fair  to  poor  management.  In  this  selection 
jobs  using  1,  2,  3,  and  4  batch  trucks  were  all  repre- 
sented by  6  jobs  for  each  size,  one-half  of  which  were 
good,  well-managed  layouts  and  the  others  inferior, 
poorly-managed  layouts.  These  are  given  in  Table  4, 
together  with  a  comparison,  for  the  same  items,  of  the 
average  values  from  over  a  hundred  paving  jobs  having 
all  kinds  of  layouts  and  grades  of  management. 

It  will  be  noted  that  the  time  differential  in  favor  of 
the  good  as  against  the  poor  layout  averages  about 
4  minutes,  while  the  good  layouts  also  show  a  differ- 
ential of  from  about  1  to  nearly  3  minutes  below 
that  of  the  average  yard  constant  for  all  jobs.  These 
are  items  too  large  to  be  ignored,  as  they  may  readily 
mean  an  unnecessary  but  permanent  addition  to  the 
hauling  equipment  of  at  least  the  equivalent  of  one 
3-batch  truck. 

Table  4. — Ejfect  of  yard  layout  and  managcinenl  on  mJigniiudc  of 
time  constant 

GOOD  YARD  LAYOUT  AND  ABLE  MANAGEMENT 


Number  of  studies  averaged 

Size  of  trucks 

Load  aggregate seconds. 

Load  cement  bags .do... 

Drive  and  maneuver do... 

Total  net  yard  constant do... 


3 

3 

3 

1-batch. 

2-batch, 

3-batch. 

10 

38 

70 

12 

29 

54 

48 

65 

87 

70 

132 

211 

4-batch. 


84 
62 


244 


AVERAGE  YARD  LAYOUT  AND  MANAGEMENT  i 


Size  of  trucks.-- -. 

Load  aggregate- -- seconds- 
Load  cement  bags dO--- 

Drive  and  maneuver do,-- 

Total  net  yard  constant do... 


1-batch. 

2-batch. 

3-batch. 

15 

59 

114 

28 

80 

lOf) 

SI 

99 

102 

124 

238 

322 

4-batch. 
190 
110 
100 


400 


POOR  YARD  LAYOUT  AND  SLACK  MANAGEMENT 


Number  of  studies  averaged 

Size  of  trucks-- - 

Load  aggregate seconds  -  - 

Load  cement  bags - do 

Drive  and  maneuver do 

Total  net  yard  constant- do 


3 

3 

3 

1-batch. 

2-batch. 

3-batch. 

33 

91 

103 

51 

89 

118 

210 

218 

193 

294 

398 

474 

4-batch. 
196 
148 
132 

476 


1  Average  values  for  more  than  100  jobs. 

Every  maneuver  or  operation  within  the  yard  requires 
time.  To  complete  the  usual  90°  turn  and  back  the 
truck  under  the  bins  ordinarily  consumes  from  20  to  30 
seconds.  With  good  batching  facilities  the  actual 
standing  tinie  for  a  truck  in  taking  on  one  batch  of  sand 
and  coarse  aggregate  may  regularly  be  as  low  as  10 
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A. TIME -CONSUMING  YARD  LAYOUT;  TWO  SIZES  OF  COARSE.  AGGREGATE-,  BULK  CEMENT  HANDLED  WITH  BUGGIES. 
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U  U    SCALE 


B.   IMPROVED  YARD  LAYOUT;  TWO  SIZES  OF  COARSE  AGGREGATE  ;  BULK  CEMENT  HANDLED  WITH  BUGGIES 
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C.  CONVENIENT  YARD  LAYOUT   FOR  ONE  SIZE  OF   COARSE  AGGREGATE  AND  BAG  CEMENT 
Figure  5. — Examples  of  Yard  Layouts 


seconds  and  need  rarely  exceed  20  seconds.  The  time 
reciTiired  for  multiple-batch  trucks  is  much  longer,  so 
that  from  20  to  40  seconds  will  usually  have  to  be  added 
for  each  additional  batch.  The  use  of  two  bins  insteatl 
of  one  for  loading  the  sand  and  aggregates  is  therefore 
found  to  increase  the  yard  time  constant  of  the  trucks 
about  40  to  50  seconds  for  the  1-batch  trucks,  75  to  90 


seconds  for  2-batch  trucks,  and  from  about  100  to  125 
seconds  for  the  3-batch  trucks  imder  fair  to  good  man- 
agement and  operating  conditions  when  it  is  necessary 
to  back  under  the  bin.  If  the  drive  is  straight  through 
these  figures  can  generally  be  reduced  by  fi-om  20  to 
40  seconds.  This  extra  time  for  taking  on  the  subse- 
C{uent  batches  is  due  to  the  fact  that  the  first  batch  can 
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ordinarily  be  weighed  out  in  the  hopper  and  made 
ready  to  dump  while  the  truck  is  coming  in.  But 
after  this  first  batch  is  dumped  the  truck  must  then 
wait  while  the  following  batch  is  weighed  out,  which 
ordinarily  requires  from  20  to  30  seconds  provided  the 
sand  flows  readily. 

Driving  speed  within  the  yard  is,  of  course,  low, 
seldoin  more  than  an  average  of  250  to  400  feet  per 
minute.  The  average  yard  seems  to  have  a  yard  loop 
or  circuit  which  requires  about  1%  minutes  for  the 
actual  driving.  The  variation  of  individual  yards  from 
this  average,  however,  is  very  large.  The  length  of 
the  yard  circuit  varies  greatly  while  the  driving  condi- 
tions vary  even  more.  Yards  have  thus  been  found 
which  had  a  driving  time  as  low  as  35  seconds  and  others 
as  high  as  5  minutes.  The  importance  of  reducing  the 
length  of  the  driving  circuit  an-d  improving  the  condi- 
tion of  the  road  shoiUd  be  apparent. 

In  a  large  contract  there  is  often  a  possible  choice  of 
two  or  more  locations  for  the  loading  plant.  The  ques- 
tion, then,  arises  as  to  whether  to  build  entirely  from 
one  plant  set-up  or  move  to  another  as  the  work  pro- 
gresses. The  cost  of  hauling  of  course  varies  as  the 
length  of  haul  plus  the  loading  and  imloading  costs. 
But,  to  the  concrete-paving  contractor,  the  factor  of 
regularity  in  the  operation  of  the  hauling  units  is  of 
utmost  importance.  Thus,  short  hauls  employing  less 
vehicles  are  usually  easier  to  organize  into  a  smooth- 
functioning  imit.  While  some  surplus  must  always  be 
maintained  as  insurance,  the  chance  that  this  surplus 
will  prove  inadequate  is  always  greater  on  the  long 
hauls. 

To  ascertain  the  proper  plant  location  and  whether 
more  than  one  should  be  used  requires  a  knowledge  of 
both  hauling  costs  and  the  cost  of  dismantling,  moving, 
and  again  assembling  the  plant  at  the  new  location. 
The  cost  of  the  hauling  can  be  forecast  with  consider- 
able accuracy  provided  the  rental  rates  or  rental  value, 
the  operating  characteristics  of  the  trucks  which  are 
to  do  the  hauling,  and  the  conditions  under  which  the 
hauling  is  to  be  done  are  known.  Of  these,  the  oper- 
ating characteristics  are  the  most  important  as  well  as 
generally  the  most  diffcult  to  forecast,  since  they 
depend  largely  on  both  the  yard  layout  and  road  or 
hauling  conditions  as  well  as  the  efficiency  of  the 
management.  However,  for  any  given  job  these  factors 
can  all  be  determined  within  reasonable  limits  by  means 
of  actual  observations. 

Having  these  data  the  following  rather  simple 
formula  is  suggested  for  forecasting  the  probable  cost 
of  hauling  the  batches  for  all  or  any  desired  part  of  the 
contract.  If  the  cross  section  of  the  slab  is  not  con- 
stant each  portion  so  varied  may  be  taken  as  a  separate 
unit  and  the  total  cost  will  then  be  the  sum  of  the 
several  sections.     The  formula  is  as  follows: 


K= 


C 


"^+f  (A 


U)  \w^ 


(1) 


Where  /l  =  the  cost  of  the  hauling  for  section  (Zj  ~  L2). 
C=the  hourly  cost  or  rental  value  for  the  size 

and  type  of  truck  to  be  used. 
A'^=  the  number  of  batches  carried  per  load,  or 

if  tons  per  load  II'  is  also  given  in  tons. 
7^=  the  total  truck  constant  or  average  time  the 

truck  spends  each  trip  at  the  mixer  and 

in  the  yard,  including  all  necessary  and 

regular  delays,  in  minutes. 
5"=  the  average  actual  round-trip  speed  in  miles 

per  hour  while  the  truck  is  on  the  road. 


L  1  =  the  dead-haul  or  hauling  distance  in  miles 
from  batcher  plant  to  beginning  of  con- 
crete slab  being  laid. 
L  2  =  the  total  length  of  haul  in  miles  from  batcher 
plant  to  end  of  the  section  under  consid- 
eration. 
TF=  the  total  number  of  batches  (or  tons  if  A'' is 
given  in  tons  per  load)  to  be  hauled  for 
the  section  under  consideration.     If  the 
cross  section  is  not  uniform  a    separate 
computation  should  be  made  for  each  dis- 
tance involving  a  changed  section  length. 
With  a  slight  modification  this  formula  can  also  be 
used  for  forecasting  the  cost  of  hauling  per  batch-mile 
or  per  ton-mile,  or  the  total  cost  of  hauling  a  batch  or  a 
ton  any  given  distance,  L.     The  cost  of  hauhng  per 
batch-mile  or  ton-mile  is  given  by  the  expression, 


B 


C  (T    120 \ 


(2) 


and  the  total  cost  of  hauling  a  batch  the  distance  L  is 
given  by  the  expression, 


<-f^) 


^    60M^^  s   ^ 


(3) 


in  which  5  =  the  cost  of  hauling  per  batch-mile  when 
A^  is  batches  per  load  or  per  ton-mile 
when  A'^  is  tons  per  load. 
D  =  the  total  cost  of  hauling  a  batch  or  ton 

the  distance  L. 
Z  =  the  actual  length  of  haul,  including  dead 
haul. 
All  other  factors  are  the  same  as  in  formula  1. 

In  determining  whether  or  not  the  hauling  should 
actually  be  done  from  two  or  more  yards  instead  of 
from  one,  the  following  points  should  also  be  given  care- 
ful consideration  in  addition  to  the  solution  of  the  cost 
of  the  haul  itself: 

1.  The  cost  of  moving  and  setting  up  on  the  new 
location. 

2.  The  cost  of  materials  laid  down  at  the  new  yard. 

3.  Track  and  switching  facilities  at  the  new  yard. 

4.  Adaptability  of  the  available  space  for  a  yard 
layout. 

5.  Hauling  and  traffic  conditions  from  the  proposed 
location. 

6.  Probable  time  constant  for  new  yard  and  yard 
operation  cost. 

Each  of  these  items  may  have  a  very  definite  bearing 
on  whether  the  move  should  or  should  not  be  made; 
yet,  each  case  is  likely  to  have  so  many  special  condi- 
tions that  general  rules  are  apt  to  prove  of  httle  value. 
Thus  the  actual  total  cost  of  making  the  move  and  get- 
ting ready  to  operate  from  a  second  location  only  5  or 
10  miles  distant  may  readily  vary  from  $500  to  $5,000, 
wliile  the  actual  time  the  paving  work  will  be  down 
may  vary  from  one  day  to  more  than  a  week.  No 
simple  rule,  such  as  the  stipulation  that  if  the  haul  can 
be  reduced  by  some  given  amount  a  second  yard  should 
be  used,  will  suffice  to  meet  the  varying  conditions. 
Every  case  must  be  carefully  investigated.  Such  items 
as  freight  rates,  land  rentals,  switclaing  and  track  facih- 
ties,  as  well  as  reliablity  of  delivery  of  materials  are 
seldom  the  same  for  any  two  possible  locations  and  may 
be  sufficient  to  overbalance  any  possible  saving  from 
the  shorter  haul.  The  second  location,  for  example, 
may  be  on  a  dift'erent  raih'oad,  so  that  the  freight  rates 
may  be  either  higher  or  lower  by  a  considerable  amount ; 
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or,  again,  the  rates  may  be  the  same,  but  the  new  loca- 
tion may  involve  tlie  transfer  of  the  cars  in  transit  from 
one  system  to  anotlier  at  some  point  where  exchansies 
are  more  or  less  infrequent  and  therefore  likely  to  make 
delivery  slow  and  irregular.  Such  a  location  would  be 
undesirable  unless  space  were  available  for  more  than 
normal  stock  piling. 

1  Sometimes  siding  facilities  are  inadequate,  especially 
when  two  or  more  sizes  of  coarse  aggregate  are  required. 
The  installation  of  an  additional  spur  is  usually  rather 
expensive.  The  work  involved  in  providing  a  satis- 
factory driveway,  as  well  as  suitable  locations  for  the 
bins,  cement  platform  and  storage  shed,  and  stock-piles 
is  seldom  the  same  in  any  two  cases.  Careful  advance 
investigation  will  nearly  always  produce  the  data  from 
wliich  the  cost  and  time  required  for  developing  the  new 
location  can  be  estimated  with  reasonable  accuracy. 

Another  item  which  must  not  be  overlooked  is  that 
of  traffic  conditions  in  connection  with  the  new  yard. 
Congested  liighway  traffic  is  always  bad  in  that  it 
limits  speed  and  tends  toward  irregularitj''.  Railroad 
grade  crossings  over  main  lines  carrying  heavy  traffic 
are  always  dangerous,  while  those  over  freiglit-passing 
sidings  are  apt  to  occasion  frec[uent  and  sometimes 
long  delays.  Conditions  have  been  found  where  as 
many  as  two  extra  3-batch  trucks  and  a  crossing  watch- 
man were  required  to  prevent  serious  delays  to  the 
mixer.  Tliis  is  equivalent  to  a  tax  of  12  to  15  cents  on 
everj^  batch  handled  from  such  a  yard  when  production 
is  high,  and  correspondingly  more  when  production 
is  low. 

In  general,  we  find  that  for  any  influence  wliich  in- 
creases the  truck  time  constant  the  capacity  of  the 
hauHng  eqiupment  must  be  increased  one  batch  for 
each  mixing  cycle  added  to  the  length  of  the  time  con- 
stant. Thus,  if  the  regular  mixing  cycle  is  I./4  minutes, 
then  an  increase  of  2/2  minutes  in  the  time  constant  on  a 
job  using  2-batch  trucks  will  require  the  fidl  time  addi- 
tion to  the  liauhng  ec^uipment  of  one  additional  2-batch 
truck  of  the  same  type  and  speed  as  those  used  on 
the  job. 

The  actual  process  of  determining  whether  a  second 
yard  should  or  should  not  be  used  for  any  particular 
job  might  be  illustrated  as  follows:  Contractor  A  has  a 
job  7  miles  in  lengtli  which  will  require  2,000  batches 
per  mile.  One  end  of  the  job  is  a  half-mile  from  the 
siding  where  the  materials  plant  can  be  located  with 
ample  room  for  storage.  A  second  siding  where  an 
equally  advantageous  yard  can  be  located  and  where 
hauUng  conditions  are  similar  to  the  first,  is  2%  miles 
beyond  the  far  end  of  the  road.  The  question  before 
the  contractor  is  whether  or  not  the  saving  in  hauling 
costs  from  two  set-ups  will  exceed  the  cost  of  making 
the  move.  The  contractor,  after  examining  the  pro- 
posed location  and  securing  data  as  to  freight  rates, 
ground  rentals,  etc.,  makes  his  estimates  about  as 
follows. 

He  is  using  3-batcli  trucks  which  are  costing  him  at 
the  rate  of  $3  per  hour.  For  this  location  these  trucks 
will  have  a  time  constant  of  about  10.5  minutes  and 
maintain  an  average  round-trip  speed  of  20  miles  per 
hour,  which  is  the  same  as  at  the  present  yard.  Freiglit 
rates  and  switching  charges  happen  to  be  the  same  for 
both  sidings.  The  cost  of  moving  the  yard  and  making 
the  new  set-up  will  require  two  working  days.  His 
straight-time  pay  roll  amounts  to  $65  a  day,  and  about 


$60  a  day  for  additional  labor  will  be  required  during 
the  two  days  of  moving  aiul  setting  up  at  the  second 
yard,  making  tlie  direct  labor  cost  $250.  After  allowing 
for  .salvage  value  of  liiinhcr  at  the  old  yard,  (he  cost  of 
nuiterials  and  erection  of  the  cement  loading  platform, 
sho]),  office,  and  storage  shed  will  amount  to  $250. 
Loss  of  material  in  cleaning  up  base  of  stock  piles,  he 
estimates  at  $100.  Jncidcntal  materials,  gas,  oil,  etc., 
arc  placed  at  $100.  Ground  rental  and  miscellaneous 
items  add  another  $100.  The  cost  of  moving  the  yard 
will  therefore  be  $800,  aside  from  the  loss  of  two  working 
days  and  a  tem])orary  disorganization  of  his  woi'king 
force. 
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Figure   6. — The   Use   of   Heavy   Trailkko   .M.;,ii. u.ml,. 
Facilitates  the  Moving  of  Heavy  Equipment 

Against  this  cost  he  must  balance  the  possible  saving 
to  be  secured  from  a  reduced  hauling  distance  for  2)2 
miles  of  the  contract,  so  that  his  maximum  haul,  in- 
stead of  7/2  miles  from  the  one  set-up,  will  be  only 
5  miles  from  each  of  the  two  set-ups.  Substituting  the 
above  data  in  formula  No.  1,  we  find  that  the  probable 
cost  for  hauling  the  entire  job  from  the  first  3'ard  would 
be  $8,050,  while  the  cost  of  hauling  for  4/2  miles  from 
the  first  and  2/2  miles  of  the  job  from  the  second  yard 
would  be  $0,800,  a  margin  of  $1,250  in  favor  of  using 
the  two  yards.  Since  he  finds  that  the  cost  of  making 
this  move  would  probable  not  exceed  $800,  the  move 
in  this  case  is  justified. 

The  many  and  variable  factors  which  enter  into 
batcher  plant  operation  make  the  drawing  of  general 
conclusions  very  difficult  and  generally  impossible.  An 
analysis  of  the  data  secured  by  means  of  detailed  stop- 
watch studies  on  more  than  a  himdred  going  jobs  all 
serve  to  direct  attention  to  this  one  feature:  That  the 
attainment  of  low  unit  costs  in  handling,  batching,  and 
hauling  the  materials  which  enter  into  our  concrete 
roads  is  not  a  matter  of  chance  or  of  luck,  but  the  result 
of  careful  advance  planning  and  constant  supervision 
by  an  able  and  alert  management. 
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distriljution,  and  cojiies  may  be  obtained  from  the  Bureau  of 
Public  Roads,  United  States  Department  of  Agriculture,  Wash- 
ington, D.  C.  Indexes  to  volumes  6,  7,  8,  9,  10,  and  11  have 
previously  been  published,  and  a  supply  of  these  indexes  is  slill 
on  hand. 


CONNECTICUT  AVENUE  EXPERIMENTAL  ROAD  NOW 

20  YEARS  OLD 


THE  CONNECTICUT  Avenue  experimental  road, 
extending  from  Chevy  Chase  Circle  to  Chevy 
Chase  Lake  in  Montgomery  County,  Md.,  was 
built  during  the  years  lOfl,  1912,  and  \913  by  the 
Bureau  of  Public  Roads.  The  road  was  constructed  as 
two  separate  projects,  the  dividing  line  being  at  Bradley 
Lane.  South  of  that  point  sections  were  constructed 
of  water-bound  macadam  with  subsequent  bituminous 
surface  treatment  and  also  sections  of  bituminous 
macadam.  North  of  Bradley  Lane  the  sections  con- 
sisted of  Portland  cement  concrete  and  of  bituminous 
concrete  and  brick  on  Portland  cement  concrete  foimd- 
ation. 

All  of  these  experimental  sections  are  now  either  19, 
20,  or  21  years  old  and  all  are  in  service  under  a  heavy 
traffic.  ]5eginning  with  the  present  issue  a  series  of 
photographs  is  to  be  published  on  the  cover  of  Public 
Roads  showing  sections  of  the  various  types  of  con- 
struction immediately  after  completion  and  their 
appearance  to-day  after  the  lapse  of  20  years. 

The  section  chosen  for  this  issue  is  a  portion  of  experi- 
ment 3,  which  is  composed  of  penetration  bituminous 


macadam  in  which  a  fluxed  native  asphalt  was  used. 
This  project  was  constructed  in  1911.  The  photographs 
on  the  back  cover  include  a  construction  picture  and  a 
view  of  the  finished  pavement  several  months  after 
completion.  The  front  cover  shows  its  present  con- 
dition. 

The  initial  cost  of  this  section  of  bituminous  macadam 
was  G4.G9  cents  per  square  yard.  In  1918  a  surface 
treatment  costing  20.84  cents  per  square  yard  was 
applied.  Maintenance  costs  prior  to  1918  totaled  1.44 
cents  per  square  yard.  Since  1918  a  total  of  9.G2  cents 
per  square  yard  has  been  spent  for  maintenance.  The 
traffic  has  l)een  increasing  steadily  since  the  road  was 
built,  and  in  1931  reached  an  average  density  of  over 
4,000  vehicles  per  day. 

It  is  recognized  that  there  are  many  other  roads  in 
the  countrj^  which  have  reached  an  age  of  20  years  or 
more.  The  bureau  would  be  glad  to  receive  from  the 
readers  of  Public  Roads  descriptions,  with  photo- 
graphs, of  road  surfaces  which  have  stood  the  test  of 
time. 


(Continued  from  p.  96) 

Figure  1.  This  shows  how  dissimilar  asphalts  and  dis- 
tillates may  be  combined  to  produce  finished  cut-back 
products  of  identical  character  and  demonstrates  why 
the  consumer  should  not  attempt  to  control  the  charac- 
teristics of  the  original  components  of  a  cut-back  or 
blended  product. 
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Figure  1. — Diagram  Showing  How  Cut-Backs  of  Identical 
Character  May  Be  Formed  From  Dissimilar  Asphalts 
and  Distillates 

conclusion 

The  liquid  asphaltic  road  materials  which  are 
involved  in  this  cooperative  undertaking  are  manu- 
factured and  sold  by  a  great  number  of  producing 
companies  which,  from  the  commercial  standpoint, 
may  not  always  have  a  common  interest.  They  are 
furnished  in  vast  quantities,  in  a  number  of  grades  and 
for  varied  purposes,  to  practically  every  State  and  are 
required  to  meet  specifications  which,  to  a  great  extent, 
arc  peculiar  to  the  individual  State  and  have  been 
developed  by  the  State  as  a  result  of  its  own  experience. 
When  one  considers  the  conflicting  interests  and  the 
varied  opinions  which  exist;  the  general  acceptance  of 
the  many  tests  which  have  been  in  long-continued  and 
unquestioned  use;  and  the  somewhat  violent  challenge 
to  current  practice  which  is  contained  in  the  proposed 
simplified  scheme  of  analysis,  the  degree  of  approval 
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which  has  been  given  it  after  only  a  year  of  study,  and 
the  degree  to  which  tests  outside  its  scope  have  been 
eliminated,  may  be  considered  to  be  truly  remarkable. 
This  accomplishment  would  not  have  been  possible 
without  the  wholehearted  cooperation  which  has  been 
given  by  the  manufacturers  and  the  State  highway 
departments.  That  all  have  contributed  so  generously 
to  the  work  is  evidence  of  the  keen  appreciation  that 
drastic  changes  in  present  practice  are  to  be  desired. 

Much  remains  to  be  accomplished  before  the  desired 
degree  of  simplification  and  standardization  of  a 
common  scheme  of  analysis  can  be  eft'ected,  and  beyond 
this  there  is  the  further  need  of  agreement  regarding 
specification  test  limits  which  will  establish  a  series  of 
standard  grades  of  material  for  the  various  types  of 
construction.  The  progress  which  has  been  made 
gives  promise  of  ultimate  success  in  securing  the  needed 
improvements  in  existing  practice. 


CORRECTIONS 

Vol.  13,  No.  2,  April,  1932.— In  the  article  entitled  "The 
Resistance  of  Concrete  to  Frost  Action,"  page  35,  it  was 
erroneously  stated  that  aggregate  No.  5  was  a  gravel  from 
Millville,  N.  J.  This  gravel  was  obtained  from  Farming- 
dale,  Monmouth  County,  N.  J. 

Vol.  13,  No.  3,  May,  1932.— In  the  article  entitled 
"Concrete  Pavement  Design  Features,  1931,"  the  table  on 
page  50  gives  the  width  of  concrete  pavement  on  projects 
submitted  by  the  State  of  Washington  as  18  feet.  The 
standard  width  in  Washington  is  20  feet.  Out  of  67  miles  of 
concrete  paving  on  Federal-aid  projects  submitted  by  this 
State  during  1931,  there  were  63]i  miles  of  20-foot  pavement 
and  3}i  miles  of  18-foot  pavement. 
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CoNNErTiciTT  Avenue   Experimental  Road,  Chevy   Chase,  Md.,  November,  1911,  Showing  Application  of  Seal  Coat 
IN   THE   Foreground   and   Finished   Hituminoiis   Macadam   Road   in  the  Distance 


Surface  Condition  of  Bituminous  Macadam  Section  in   May,    1912.     The   Photograph   on  the   Front   Cover  was 

Taken   at   the  Same   Location 
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STATIC  LOAD  AND  IMPACT  TESTS  OF  LIGHTWEIGHT 

BRIDGE  FLOOR  SLABS 

REPORT  OF  A  COOPERATIVE  INVESTIGATION  CONDUCTED  BY  ALLEGHENY  COUNTY, 
PA.,  AND  THE  UNITED  STATES  BUREAU  OF  PUBLIC  ROADS 


By  L.  W.  TELLER,  Senior  Engineer  of  Tests,  and  G.  W.  DAVIS, 

THE  Division  of  Tests  of  tlic  Bureau  of  Publie 
Roads  has  recently  completed  a  series  of  static 
load  and  impact  tests  on  two  bridge  floor  slabs  of 
a  rather  unusual  type.  These  tests  were  undertaken 
at  the  ref|uest  of  the  liureau  of  Public  Woi'ks  of  Alle- 
o'lieny  County,  Pa.,  and  were  carried  out  as  a  coopera- 
tive project  with  that  organization. 

The  slabs  tested  are  a  combination  of  steel  shapes  in 
the  foi-m  of  a  grating  or  mat  which,  after  erection,  is 
filled  with  Portland  cement  concrete.  The  features  of 
particular  interest  are  the  small  depth,  3  inches;  and  the 
moderate  weight,  between  50  and  55  pounds  per  scjuare 
foot.  The  advantages  of  a  bridge  floor  slab  having 
these  characteristics  are  obvious. 


Associate  Engineer  of  Tests,  United  States  Bureau  of  Public  Roads 

The  slal)  built  and  tested  in  1930  is  referred  to  as  the  first 
slab  and  that  built  and  tested  in  1931  as  the  second  slab. 
The  first  slab  was  12  feet,  7)^  inches  by  14  feet,  lOJiS 
inches  in  area  and  3  inches  thick.  Jt  was  made  up_^of 
five  factory-assembled  mats  35%  inches  wide  ancl].12 
feet,  7^2  inches  long.  (See  Pig.  1).  Each  of  these  mats 
was  composed  of  13  T-bars  each  with  a  2}^-inch  base 
or  flange  and  a  3-inch  stem.  These  were  assembled 
with  their  bases  in  contact,  side  by  side,  forming  the 
bottom  of  the  mat.  The  stems  were  locked  together 
by  means  of  1  by  %  inch  fhit  cross  bars  which  were 
])ressed  into  curved  slots  cut  in  the  vertical  stems  of 
the  T-bars.  These  cross  bars  were  placed  on  4-inch 
centers.  Figure  2  shows  the  details  of  this  construction. 
It  will  be  noted  that  the  slots  in  alternate  T-bars  curve 
in  opposite  directions.  The  cross  baz's  are  forced  into 
these  slots  under  heavy  pressure  and  are  caused  to  twist 


Figure    L — Appearance    of    Factory-Assembled    Mats 
From  Which  First  Slab  Was  Constructed 

Static  load  tests  on  small  sections  of  a  slab  of  this 
general  type  had  indicated  that  such  construction 
possesses  flexural  strength  sufficient  to  warrant  its 
consideration  for  use  in  the  design  of  highway-l)ridge 
floors,^  but  there  was  some  cjuestion  as  to  whether  or 
not  the  impact  of  the  wheels  of  motor  vehicles  might 
break  the  bond  between  the  steel  and  the  concrete,  thus 
weakening  the  slab  structurally  and  also  permitting  the 
entrance  of  moisture  between  the  two  materials. 

The  primary  object  of  the  tests  carried  out  by  the 
Bureau  of  Public  Roads  was  to  determine  to  what 
extent  severe  motor-vehicle  impact  would  aflect  the 
structural  strength  of  bridge  floor  slabs  of  this  type. 

To  obtain  this  information  a  definite  schedule  of 
static  loads  was  applied  to  the  slabs  before,  during,  and 
after  the  program  of  impact  loadings  to  which  they  were 
subjected.  Deflection  and  strain  measurements  for 
each  static  loading  made  possible  comparisons  of  the 
structural  action  of  the  slabs  before  and  after  receiving 
impact.^ 

DETAILED  DESCRIPTION  OF  THE  SLABS 

While  the  two  slabs  tested  were  of  the  same  general  type 
and  appearance,  they  differed  from  each  other  in  a  num- 
ber of  details  and  are  therefore  described  separatel3^ 

'  Engineering  News-Record,  vol.  104,  No.  2,  Jan.  9,  1930.  Development  tests  on  a 
light  floor  for  bridges,  by  Leon  S.  MoisseilT. 

2  For  a  de.scription  of  another  investigation  of  the  effect  of  ,>;tatio  and  impact  loadings 
on  bridge  floor  slabs  of  a  dilTerent  type  see  Public  Roads,  vol.  8,  No.  8,  October, 
1927,  "Tests  of  the  Delaware  River  Bridge  Floor  Slabs,"  by  George  W.  Davis. 
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Figure  2. — Assembly  of  Steel  Section  of  First  Slab 

in  opposite  directions  at  the  successive  junctions  with  the 
T-bars,  securely  locking  the  whole  upper  surface  in  jilace. 
As  these  slots  are  above  the  neutral  axis  of  the  T-bars,  the 
lower  section,  which  is  subject  to  tension,  is  left  intact  and 
the  compressive  strength  of  the  upper  section  is  main- 
tained presumably  by  the  wedging  action  of  the  cross 
bars.  In  those  sections  of  the  mats  above  the  supporting 
stringers,  where  negative  moments  are  encountered,  the 
position  of  four  cross  bars  was  changed,  the  slots  being 
punched  through  the  stems  halfway  between  the  upper 
and  lower  surface  of  the  mat,  as  shown  in  Figure  2. 

The  steel  mats  were  placed  transversely  on  the 
stringers  and  were  attached  to  them  by  spot  welding 
through  notches  cut  in  the  edge  of  the  base  of  every 
other  T-bar,  to  the  center  of  the  flange  of  the  stringer. 

The  abutting  edges  of  adjacent  mats  w^ere  bolted 
together  at  points  midway  between  the  stringers  by 
five  K-hich  bolts  spaced  4  inches  on  center  and  passing 
through  the  stems  of  tlie  T-bars  which  formed  the  edges 
of  the  mats.  The  result  of  this  construction  was  a 
smooth  grated  surface  with  openings  or  pockets  2%  by 
4  inches  in  size,  the  appearance  of  which,  before  being 
filled  with  concrete,  is  shown  in  Figure  3. 

The  concrete  used  in  the  first  slab  was  of  1:1.5:3 
proportions  (by  diy-rodded  volumes).  The  water-ce- 
ment ratio  was  0.86.  The  aggregates  used  were  Potomac 
River  sand  and  a  siliceous  gravel  from  Fredericksburg, 
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Va.    The  niaxinuim  size  of  the  coarse  aggregate  was 
three-fourths  inch. 

The  concrete  was  nii.xed  in  a  power-driven  mixer  for 
two  minutes,  wlieekxl  to  the  shib  and  vibrated  into  phice 
with  an  electrically  operated  vibrator,  as  shown  in  Figure 
3.  After  the  concrete  had  been  vibrated  into  ])lace  the 
surface  was  struck  off  with  a  wooden  screed  and  roughly 
floated  with  a  wooden  float.  It  was  then  covei-ed  with 
wet  burlap  imtil  the  next  morning,  when  the  burlap  was 


FiGURE  3. — Completed  Steel  Mat  of  Fir.'^t  Slab   Being 
Filled  with  Concrete  by  Means  of  Electric  Vibrator 

replaced  bj^  a  6-inch  layer  of  straw.  The  straw  was  kept 
wet  for  fO  days,  after  which  the  slab  was  exposed  to  the 
air  until  the  beginning  of  the  tests  at  the  age  of  40  days. 

The  concrete,  as  it  came  from  the  mixer  had  an  aver- 
age slump  of  3%  inches.  Five  6  by  12  inch  compression 
cylinders  made  at  this  time  and  cured  in  a  damp  room 
showed  an  average  compressive  strength  at  28  days  of 
3,360  pounds  per  square  inch. 

The  second  slab  was  12  feet,  7}^  inches  by  15  feet, 
4  inches  in  area  and  3  inches  thick.  As  with  the  first 
slab,  it  was  inade  up  of  five  factor.y  assembled  mats 
12  feet,  7%  inches  long  and  36  inches  wide.  In  this 
mat  the  T-bars  were  3  inches  wide  on  the  base  and 
twelve  were  used  to  a  mat.  The  bases  of  adjacent 
T-bars  were  held  together  at  four  places  (in  the  12 
foot,  7)2  inch  length)  by  electric  welds  2  inches  long. 

The  stems  of  the  T-bars  in  the  second  slab  were  tied 
together  at  4-hich  intervals  by  transverse  %-inch, 
half-round  bars,  welded  with  the  flat  side  up,  into  the 
upper  edge  of  the  stems.  (See  fig.  4).  At  the  edges  of 
the  3-foot  mat  sections,  the  ends  of  these  bars  were 
l)ent  aside  and  downwai'd  so  that  when  embedded  in 
concrete     they    served     to     unite     adjacent    sections. 


6ASE  OF  T-  BARS 

HALF  BOUND  CROSS  BARS 

ELECTRIC  WELDS 


The  appearance  of  the  five  sections  of  mat,  when 
placed  on  the  stringers,  as  in  the  case  of  the  first  slab, 
and  welded,  is  shown  in  Figure  5. 

The  concrete  which  was  used  to  fill  the  mat  of  the 
second  slab  was  of  the  same  proportions  and  aggregates 
as  that  used  in  the  construction  of  the  first  slab.     The 
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Figure  5. — Completed  Mat  Used  in  Construction  of 
Second  Slab  Before  Being  Filled  With  Concrete. 
Note  Number  and  Position  of  Welds  and  also  Method 
Used  for  Uniting  Edges  of  Individual  Mats 

cement,  however,  was  of  a  different  brand.  A  water- 
cement  ratio  of  0.82  was  used,  resulting  in  an  average 
slump  of  2%  inches.  Six  test  cylinders  cured  in  a 
damp  room  showed  an  average  compressive  strength 
at  28  days  of  5,030  ])ounds  per  square  inch. 

The  mixing,  placing,  finishing,  and  curing  operations 
for  the  concrete  of  the  second  slab  were  the  same  as 
those  iised  in  the  construction  of  the  first  slab. 


1  r 

first  slab  second  slab 

Figure  6. — Cross  Sections  of  T-Bars  Used  in  the 

Two  Slabs 

Figure  6  shows  sections  of  the  T-bars  used  in  each 
slab.  The  calculated  weight  of  the  slabs  is  given  in 
the  following  tal)ulation: 


Weight  per  square  foot  of  floor,  in  pounds 

First 
slab 

Seconal 
slab 

T-bars 

18.0 

1.3 

31.6 

Cross  bars .,  _.  . 

1  li 

Concrete..- . 

311  '1 

Total.. 

50.9 

" 

Figure  4. — Assembly  of  Steel  Section  of  Second  Slab 


In  each  test  the  slab  was  supported  by  foin-  stringers 
set  on  4-fo()t  centers.  These  stringers  were  18-inch 
55-pound  I-beams,   rivet  connected   at   their  ends   to 
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24-inch  80-poiiiul  I-t)oains.  Tlio  floor  Ixmuiis  wore 
supported  at  tlioir  ends,  in  turn,  by  the  concrele 
abutment  walls,  being  held  in  their  seats  by  anchor 
bolts.  The  distance  between  the  floor  beajns  was  Ki 
feet  and  their  span  was  15  feet. 

DESCKIPTION  OK  THE  TEST  PKOGKAM 

Both  sL'ibs  were  subjected  to  exactly  the  same  pro- 
gram of  tests.  wSince  the  object  of  the  investigation  was 
primarily  to  determine  the  eflVct  of  im])act,  the  major 
part  of  the  program  was  devoted  to  loadings  intended  to 
develop  this  information,  and  these  loadings  were 
applied  at  the  center  of  the  slab.  Certain  additional 
information  was  desu-ed  by  Allegheny  County,  and  the 
edge  and  2-point  loadings  were  included  to  provide^ 
these  data.     The  detailed  proijram  follows: 

1.  Static  loads  of  r),()00,  If), 000,  15,000,  and  20,000 
liounds  were  applied  at — 

a.  The  center  of  the  slab; 

b.  A  point  1  foot  from  the  edge  of  the  slab  and 
midway  between  the  two  center  stringers ; 

c.  Two  points  ecjuidistant  from  the  center  of  the 
slab  along  the  axis  transverse  to  the  stringers, 
each  point  bearing  half  the  load. 

For  all  of  the  above  loadings  the  deflections  of  both 
the  slab  and  I-beams  were  determined  and  strains  were 
measured  both  in  the  T-bars  and  in  the  two  center 
stringers  at  the  points  shown  on  Figiu'es  7  and  S. 


Fig 


URE  7. — Plan  of  Sl.\b  Showing  Deflection 
Points 


The  spread  or  separation  of  the  adjoining  edges  of  the 
bases  of  the  two  T-bars  directly  imder  the  load  was 
measured  for  all  of  the  loads  applied  at  the  centei'  of 
the  slab  and  for  the  2-point  loading. 

2.  A  series  of  1,000  impact  blows  simulating  those 
delivered  by  the  wheel  of  a  heavy  motor  truck  was 
applied  at  the  center  point  of  the  slab. 

3.  Static  loads  as  in  1,  a  were  applied  and  the  same 
measurements  of  deflection  and  strain  were  made. 

4.  A  second  series  of  1,000  impact  blows  was  ap|)licd 
at  the  center  of  the  slab,  the  average  maximum  force 
developed  being  about  11  per  cent  greater  tlian  on  the 
first  series  of  impact. 

5.  Static  loads  of  5,000,  10,000,  15,000,  20,000, 
30,000,  and  40,000  pounds  were  applied  at  the  center  of 


STRINGER 


O O     5TEM    OF     T'BARS     (TOP   Of    SLAB) 

O -O    BASE    OF     T-BARS     (BOTTOM     OF    SLAB) 

PLAN     SHOWING    LOCATION    OF    STRAIN    GAGE 
POINTS     IN    THE     T-BARS 


r 
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SECTION     SHOWING    LOCATION   OF    STRAIN    GAGE 
POINTS    AT    MIDPOINT  OF    THE    STRINGERS 

J'iGURE  8. — Locations  of  Stkain-Gage  Points 

the  slab.     Dellection   and   strain   measurements   were 
made  as  in  the  case  of  the  previous  static  loadings. 

6.  A  third  series  of  impacts  was  applied  at  the  center 
of  the  slab,  the  maximum  force  being  very  nearly  the 
same  as  in  the  second  impact  series. 

7.  A  fourth  and  last  series  of  static  loads  was  ap])lied 
at  the  center  of  the  slab,  the  load  magnitudes,  deflec- 
tion, and  strain  measurements  being  the  same  as  in  1,  a. 


FiGUKE  9. — General  Ahha.\ue.\ie\t  uf  Test  Si.au,  bui'- 
PORTiNo  Walls,  and  Ta.vk  Used  for  the  Applic.a.tion 
of  the  Static  Loads 

desckiption  of  the  testin<;  ecjl'ipment 

Because  of  tlie  large  loads  necessary  foi-  the  static 
loading  of  these  slabs  and  because  of  the  alternate 
application  of  static  and  impact  loads,  a  special  set-up 
was  designed  to  peiinit  the  execution  of  the  program 
with  facility. 

The  static  loads  weie  ai)pli(Hl  to  the  slabs  with  a 
hydraulic  jack.  This  jack  reacted  against  a  large  cy- 
lindrical  steel   tank   containing   water.      The   concrete 
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walls,  to  which  the  ends  of  the  floor  beams  were  fas- 
tened, were  extended  2  feet  above  the  surface  of  the  slab 
and  supported  the  tank  at  an  elevation  sufficient  to  per- 
mit the  installation  of  the  jacking  apparatus  beneath  it. 
On  the  tojjs  of  the  two  walls  steel  track  was  fastened, 
on  which  rested  the  rollers  which  supported  the  tank. 
The  walls  were  made  long  enough  to  allow  the  tanlc  to 
be  moved  back  out  of  the  way  when  impact  tests  were 
being  made.  The  tank  when  filled  with  water  weighed 
approximately  CO, 000  pounds.  Figure  9  shows  the  gener- 
al arrangement  of  the  tank,  slab,  and  supporting  walls. 
Attached  to  the  under  side  of  the  tank  was  a  beam 
of  heat-treated  steel  which  took  the  thrust  of  the 
jack.  The  load-deflection  rate  of  this  beam  was  known. 
To  determine  the  magnitude  of  the  loads  being  imposed 
on  the  slab,  the  deflection  of  the  beam  was  measured 
with  a  micrometer  dial.     At  the  lower  end  of  the  jack 


--•■-v'L^^ir^-) 


Figure  10. — Apparatus  Used  in  Application  and  Meas- 
urement OF  Load 

a  bearing  block  shod  with  segments  of  a  solid  rubber 
tire  was  provided.  The  details  of  this  loading  equip- 
ment are  shown  in  Figure  10. 

DEFLECTION  MEASUREMENTS 

The  deflection  of  the  slab  and  of  the  supporting  I- 
beams  was  determined  by  measuring  accurately  changes 
in  distance  between  gage  points  drilled  into  the  lower 
surface  of  the  slob  or  I-beams  and  corresponding  gage 
points  located  directly  beneath  these  in  strips  of  steel  fas- 
tened to  concrete  bases  cast  in  the  ground  below  the  slab. 

Changes  in  distance  were  measured  with  micrometer 
dials,  reading  in  thousandths  of  an  inch,  fixed  to  the 
ends  of  wooden  staff's.  The  staff  and  the  dial  were 
provided  with  conical  steel  points  which  fitted  into  the 
respective  gage  points. 

Two  pairs  of  gage  points  were  set  in  the  abutment 
walls  to  serve  as  a  standard  to  check  the  length  of  the 
staff's  at  any  time  during  a  series  of  measurements. 

The  soil  "between  the  abutment  walls  was  excavated 
to  a  lower  level  to  give  headroom  under  the  slab  for 
the  measuring  operations  and  to  provide  undistiu'bed 
earth  as  a  foundation  for  the  concrete  bases  carrying 
the  deflection  gage  points.  Figure  11  gives  a  good  idea 
of  the  arrangements  foi'  the  deflection  measurements. 

All  of  the  deflection  measurements  were  made  with 
two  movable  staff's  of  difl'erent  length,  one  being  used 
under  the  stringers  and  the  other  under  the  T-bars  of 
the  slab  proper.  These  staff's  were  moved  from  point 
to  point  after  the  desired  load  was  on  the  slab.  The 
deflection  of  the  floor  beams  was  measured  by  similar 
staff's  which,  however,  were  left  in  position  and  not 
moved  from  point  to  point.  The  positions  of  all  deffec- 
tion  points  are  shown  in  Figure  7. 


Figure  11. — Lower  Deflection  Points  and  Micrometer 
Dials  Used  for  the  Measurements 

strain  measurements 

In  these  tests  the  strain  measurements  were  confined 
to  the  steel  and  the  strain  gage  positions  were  located 
in  the  regions  where  relatively  large  moments  would  be 
expected  under  the  center  loading.  Figure  8  shows  the 
locations  at  which  strains  were  measured. 

For  making  the  measurements  a  10-inch  Whitte- 
more  strain  gage  was  used.  This  gage  was  developed 
in  connection  with  the  Arch  Dam  Investigation  con- 
ducted under  the  direction  of  the  Engineering  Founda- 
tion, and  has  been  described  in  detail  elsewhere.^ 

Briefly,  it  consists  of  parallel  side  bars  of  nickel  steel 
connected  at  their  ends  by  steel  spring  fulcrum  plates 
which  maintain  the  aligmnent  of  the  bars.  Two 
pointed  legs  for  insertion  in  the  gage  holes  are  provided 
at  opposite  ends  of  the  gage,  one  leg  being  attached  to 
each  side  bar.  The  relative  displacement  of  the  side 
bars  longitudinally  is  indicated  by  a  micrometer  dial 
reading  directly  in  ten-thousandths  of  an  inch.  Correc- 
tions for  temperature  changes  are  made  by  reference  to 
an  unstressed  steel  bar,  in  the  usual  way. 

Strain  gage  holes  were  drilled  with  a  No.  56  twist 
drill  and  the  burr  removed  with  a  special  reamer. 

SPREAD  OF  THE  T-BARS 

In  order  to  determine  the  amount  of  separation  that 
occurred  between  adjacent  T-bars  directly  beneath  the 
loaded  area,  a  small  micrometer  dial  was  attached  to  the 
bottom  of  the  base  of  one  T-bar  and  the  stem  of  this 
dial  acted  against  a  small  stud  in  the  adjacent  T-bar. 

IMPACT  TESTS 

Impact  was  applied  by  means  of  the  portable  impact 
machine  developed  by  the  Bureau  of  Public  Roads  and 
described  in  Public  Roads  several  years  ago.*  The 
method  of  test  was  the  same  as  that  used  in  the  tests  of 
the  Delaware  River  Bridge  floor  slabs,  referred  to  above. 

In  these  tests  the  acceleration  of  the  unsprung  mass 
was  measured  by  means  of  an  accelerometer  of  the 
single-element  contact  type.^ 

!  Instruments,  vol.  1,  No.  6,  p.  290,  June,  1928,  Whittemore  Strain  Gage,  by  H.  L. 
Whittemore. 

*  Public  Roads,  vol.  5,  No.  2,  April,  1924,  Impact  Tests  on  Concrete  Pavement 
Slabs,  by  Leslie  W.  Teller. 

'  For  discussions  of  the  use  of  accelerometers  for  the  measurement  of  motor  vehicle 
impact  see  the  following  publications:  (1)  Proceedings,  American  Society  for  Testing 
Materials,  1923,  .\n  .Accelerometer  for  Measuring  Impact,  by  E.  B.  Smith;  (2)  Public 
Roads,  vol.  5,  No.  10,  December.  1924.  .Accurate  Accelerometers  Developed  by  the 
Bureau  of  Public  Roads,  by  L.  W.  Teller;  (3)  Public  Roads,  vol.  II,  No.  5,  July, 
1930,  Calibration  of  Accelerometers  for  Use  in  Motor  Truck  Impact  Tests,  by  J.  A. 
Buchanan  and  G.  P.  St.  Clair. 
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Sal  DEFLECTION  POINTS 

Figure  12. — Deflections  of  First  Slab  Under  Center 

Loading  Before  Impact 
detailed  description  of  the  testing  of  the  first  slab 

Static  loads  at  the  center. — Before  any  deflection  or 
strain  data  were  taken,  several  preliminary  static  loads 
were  applied  to  the  center  of  the  slab.  The  magnitude  of 
each  successive  preliminary  load  was  increased  until  a 
load  of  20,000  pounds  had  been  applied.  The  object  of 
these  loadings  was  to  place  the  structure  in  a  cyclic  state 
or,  in  other  words,  in  a  condition  such  that  successive  ap- 
plications of  a  given  load  would  produce  the  same  struc- 
tural effects.  These  loadings  were  also  utilized  for  neces- 
snry  adjustments  of  the  loading  and  measuring  npparatus. 

Initial  static  loading. — Following  the  application  of 
the  preUminary  loads,  two  series  of  initial  test  loadings 
were  appUed  to  the  center  of  the  slab.  Each  series 
consisted  of  loads  of  5,000,  10,000,  15,000,  and  20,000 
pounds,  and  the  two  series  were  applied  on  successive 
days  with  a  recovery  period  of  about  18  hours  between. 
Under  each  load  of  these  two  initial  series  complete 
deflection  and  strain  measurements  were  made. 

The  zero  readings  for  deflection  and  strain — i.  e., 
measurements  for  the  unloaded  condition — were  made 
with  the  entire  loading  apparatus  lifted  clear  of  the 
slab  and  in  applying  all  of  the  static  loads  due  allow- 
ance was  made  for  the  dead  weight  of  all  of  the  loading 
equipment  below  the  calibrated  beam. 

In  order  to  establish  beyond  question  the  data  which 
were  to  serve  as  a  basis  of  comparison  for  the  stiffness 
of  the  slab  before  impact — i.  e.,  the  deflections  and 
strains  under  the  center  loading — the  third  series  of 
initial  loadings  were  applied  several  days  after  the  first 
two.  The  data  obtained  at  this  time  consisted  of  one 
set  of  measurements  for  deflection  at  all  of  the  deflec- 
tion points  on  the  slab  for  loads  of  5,000  and  20,000 
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Figure  13. — Stresses  in  First  Slab  Caused 
BY  Static  Loads  Before  Impact 

pounds  and  a  series  of  measurements  of  deflection  at 
deflection  point  16  and  strain  measurements  at  strain 
gage  point  15  for  10  applications  each  of  5,000, 
10,000,  15,000,  and  20,000  pound  loads,  made  at  approx- 
imately half-hour  intervals. 

The  data  obtained  under  successive  applications  of  a 
given  load  agreed  within  very  close  limits  and  the  mean 
values  of  all  of  the  measurements  made  under  each  of 
the  several  loads  were  taken  to  express  the  load- 
deflection  and  load-strain  conditions  in  the  slab  before 
impact  was  applied.  These  mean  deflection  curves  are 
shown  in  Figure  12  and  the  strain  data  for  the  T-bars 
are  shown  in  Figure  13  as  stresses,  computed  with  an 
assumed  value  for  the  modulus  of  elasticity  of  30,000,000 
pounds  per  square  inch. 

As  the  load  was  applied  at  the  center  of  the  slab,  the 
deflection  of  points  symmetrically  spaced  with  respect 
to  its  axes  should  be  equal.  Actually  this  was  found  to 
be  true,  the  differences  in  the  measured  deflections  of 
symmetrically  placed  points  being  negligible.  There- 
fore, throughout  this  report,  in  plotting  the  deflection 
curves  for  the  various  loads  and  lines  of  points  the 
measured  deflections  of  symmetrical  points  have  been 
averaged. 

With  the  load  at  the  center  point  the  separation  or 
spread  which  occurred  between  the  adjacent  edges  of  the 
bases  of  the  two  T-bars  directly  underneath  the  load 
was  measured,  as  previously  described.  These  meas- 
urements were  made  for  loads  5,000,  10,000,15,000,  and 
20,000  pounds  on  each  of  two  successive  days.  The 
two  sets  of  values  agreed  very  closely  and  are  averaged 
in  the  followintr  tabulation : 


Load  in 
pounds 

.S,  OOU 
10,000 
15,000 
20, 000 


Spread  in 
inches 


0.0018 
.  Oo:i5 
.  0I).')0 
.OOM 


Staiic  loads  at  the  ^r/f/r.— Static  loads  of  5,000,  10,000, 
15,000,  and  20,000  pounds  were  applied  at  a  point  1 
foot  from  the  edge  of  the  slab  on  the  axis  of  the  slab 
parallel  to  the  stringers. 
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Figure   14. — Deflections  of  First  Slab   Under    Edge 
Loading  Before  Impact 

The  deflection  curves  for  the  shib  and  for  the  stringers 
nearest  the  load  are  shown  in  Figure  14.  Two  sets  of 
measurements  of  deflection  were  made  for  twoapphca- 
tions  of  each  of  the  four  loads  on  the  same  day.  The 
two  sets  of  values  agreed  with  each  other  within  close 
limits  and  the  values  shown  are  for  the  means  of  the 
two  measurements. 

No  strain  measurements  of  any  significance  were 
obtained  under  this  loading  since  the  strain  gage  loca- 
tions were  in  areas  of  small  stress.  The  indicated 
stress  at  the  midpoint  of  the  two  center  stringers  was 
3,300  pounds  per  square  inch  in  the  bottom  flange 
under  the  20,000  pound  load. 

The  2-pomt  static  load. — Another  special  loading  was 
that  applied  equally  on  two  tire  segments  set  equi- 
distant from  the  midpoint  of  the  slab  along  the  axis 
normal  to  the  stringers.  These  tire  segments  were 
72  inches  apart,  center  to  center. 
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Figure  15. — Deflections  of   First  Slab    Under  Two- 
Point  Loading  Before  Impact 
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-Deflections  of  First  Slab  Under  Center 
Loading  After  First  Impact 


The  deflection  curves  for  loads  of  5,000,  10,000, 
15,000,  and  20,000  pounds  applied  in  this  manner  are 
shown  in  Figure  15.  As  in  the  case  of  the  edge  loading, 
the  curves  represent  mean  values  from  two  sets  of 
measurements.  The  strains  produced  at  the  strain 
gage  locations  shown  in  Figure  8  were  too  small  to  be 
determined  with  the  strain  gage  used  in  these  tests, 
except  at  the  midpoint  of  the  lower  flange  of  the  center 
stringers  where  a  maximum  stress  of  about  3,000 
pounds  per  square  inch  was  indicated. 

The  spread  of  the  bases  of  the  two  T-bars  at  the 
midpoint  of  the  slab  was  also  measured  under  the 
2-point  loading  and  was  found  to  be  very  small,  as  shown 
in  the  following  tabulation: 


Total 
load,  in 
pounds 

Spread, 
in  inches 

5,000 
10. 000 
15.000 
20, 000 

0. 0002 
.0004 
.0006 
.0009 

Applicatioji  of  the  first  impact. — In  all  of  the  impacts 
ap])lied  to  the  bridge  floor  slabs  in  these  tests,  the  condi- 
tions selected  were  such  that  very  severe  impact  was 
prodiiced.  The  conditions  approximated  those  of  a 
loaded  5-ton  truck,  equipped  with  solid  tires,  the 
unsprung  weight  being  1,967  pounds  and  the  spring 
deflection  being  that  which  would  correspond  to  a 
sprung  load  of  about  6,000  pounds.     The  tire  used  on 
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Figure  17. — Stresses  in  First  Slab  Caused 
BV  Static  Loads  After  First  Impact 

the  wheel  of  the  impact  machine  in  the  tests  of  the 
first  slab  was  a  36  by  6-inch  solid  rubber  truck  tire. 
With  these  conditions  the  first  series  of  1,000  drops  of 
the  impact  machine  were  apphed.  A  free  fall  of  0.25 
inch  was  used.  The  measured  accelerations  varied 
between  310  and  354  feet  per  second  per  second,  the 
average  impact  force  for  this  series  being  28,200  pounds. 
The  rate  at  which  the  impact  was  applied  was  approxi- 
mately seven  blows  per  minute. 

Careful  observation  of  the  slab  during  the  application 
of  the  first  impact  and  examination  afterwards  showed 
no  visible  effect  of  the  severe  hammering.  The  thin 
grout  or  laitance  between  the  edges  of  the  T-bars  on 
the  bottom  of  the  slab  remained  in  place  even  directly 
under  the  point  of  impact  and  no  visible  structural 
cracks  appeared  on  the  upper  surface  of  the  slab. 

After  the  completion  of  these  tests  the  impact  ma- 
chine was  removed  from  the  slal),  tlie  static  loading 
ecpiipment  was  replaced,  and  a  second  series  of  static 
loads  applied  at  the  center  of  the  slab  in  accordance 
with  the  program. 

Static  loading  after  the  first  imj)act. — Loads  of  5,000, 
10,000,  15,000,"  and  20,000  pounds  were  a])plied  at  the 
center  of  the  slab  and  complete  deflection  and  sti'iiin 
measurements  were  made  for  each  load.  Two  sets  of 
tests  were  made  and  the  averaged  data  for  the  deflec- 
tions are  shown  in  Figure  16  and  for  the  strains  in 
Figure  17. 

If  these  data  are  compared  with  the  corresponding 
data  obtained  before  the  impact  was  applied  it  will  be 
noted  that  for  a  given  load  there  was  a  definite  increase 
in  the  magnitudes  of  the  deflections  and  of  the  stresses 
in  the  T-bars  after  the  first  series  of  impacts.     For  ex- 
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Figure  18.- 


-Deflections  of  First  Si-ab  I^nder  Center 
LoAiMN<i  After  Second  Impact 


ample,  under  a  20,000-pound  static  load  at  defl(M'(ion 
point  16  (the  center  of  the  slab)  an  increase  of  from 
0.087  to  0.113  inch  (30  per  cent)  occurred.  Similarly, 
the  maximum  stresses  in  the  T-bars  increased  after 
impact  from  4,650  to  6,600  pounds  per  square  inch  (42 
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per  cent)  over  the  stringers  and  from  7,350  to  10,200 
pounds  per  square  inch  (39  per  cent)  directly  under- 
neath the  load.  Strain  measurements  in  the  top  of  the 
T-l)nrs  between  the  load  and  the  stringers  showed  an 
increase  in  compressive  stress  of  from  1,350  to  3,450 
pounds  per  s(iuare  inch  (about  155  per  cent)  after  the 
impact. 

A2)J)li cation  of  the  secorid  impact. — The  second  series 
of  1,000  drops  of  the  wheel  of  the  impact  machine  was 
api^lied  at  the  same  point  and  in  the  same  manner  as 
the  first  series,  except  that  the  free  fall  of  the  wheel 
before  the  tire  macle  contact  with  the  slab  was  in- 
creased from  0.25  to  0.63  inch  in  order  to  produce  an 
impact  force  of  greater  magnitude.  The  effect  of  this 
was  to  increase  the  range  of  measured  accelerations 
from  310-354  to  378-426  feet  per  second  per  second. 
The  average  maximum  impact  reaction  for  the  second 
series  of  1,000  drops  was  31,300  pounds. 

This  impact  produced  no  visible  change  in  the  ap- 
pearance of  either  surface  of  the  slab. 

Static  loading  after  the  second  impact. — Upon  the 
completion  of  the  second  series  of  impact  tests,  the 
machine  was  removed  and  static  loads  of  5,000,  10,000, 
15,000,  20,000,  30,000,  and  40,000  pounds  were  applied 
at  the  center  of  the  slab.  These  loads  were  repeated, 
complete  deflection  and  strain  measurements  being 
made  for  each  loading.  The  deflection  data  are  shown 
in  Figure  18.  The  corresponding  strain  data,  expressed 
as  unit  stresses,  for  all  of  the  strain  gage  positions 
shown  in  Figure  8  are  given  in  Table  1. 

Table  1. —  Uuit  dresses  in  T-bars  of  first  slab  under  center  loading 
after  second  impact,  in  pounds  per  square  inch 

TOP  OF  STEMS  OF  T-BAKS 


Load 


Pounds 

5,000 

10,000 

15,000 

20,000 

30,000 

40,000 


Stress  at  strain  gage  point— 

1 

2 

3 

4            5          e          7     1      8      j      9 

10 

U    1    12 

Tension 

Compres- 
sion 

1,  650 

2,  700 
i,  450 
4.500 

300 
8,  250 


2,400 

2,100 

2,250 

1,350 

1,800 

1,950 

3, 1100 

3,  450 

3,750 

2,550 

3,300 

3,450 

4,  800 

4,  500 

4.800 

3,  4.50 

4,800 

5,400 

5,  700 

5,  550 

0,  150 

3,  900 

5,  550 

G,  300 

8.  100 

8,  100 

8,700 

5,  700 

7,800 

8,700 

10,  800 

10,  50U 

10,  500 

7,500 

9,  300 

11,550 

2,400  1.9.50 
4,  200  3,  750 
5,700  4,950 
6,000  0,000 
9,600,  8,700 
10,950  10,050 


750 

2,  100 

3,  150 

4,  350 
5,400 
6,  900 


1,050 
2,  250 
2,  8.50 
3,750 

5,  400 

6,  150 


BOTTOM  OF  B.VSES  OF  T-BARS 


Load 


Pounds 

5,000 

10,000 

15,000 

20.000 

30,000 

40,000 


Stress  at  strain  gage  point— 


17 


18 


19 


20 


23 


Tension 


1,050 

1,650 

1,  950 

2,  700 

2,  8,50 

2,100 

2,  400 

1,  800 

2,700 

3,  4.50 

4,  200 

5,  700 

5,  250 

4,500 

4,050 

2,850 

4,  200 

5,100 

5,  700 

8,100 

7,  050 

5,850 

5,  100 

4,  500 

5.  850 

6,  600 

7.  9.50 

10,  200 

9,450 

7,800 

7,  050 

5,  400 

8,  400 

9,  600 

1 1,  700 

15,  000 

14,  100 

12,  000 

9,  900 

8,400 

11,100 

13,200 

1.5,300 

19,  800 

18,  450 

15,  000 

12, 150 

10,  050 

900 
1,  650 
3,300 
4,050 
6,  300 
9,000 


A  comparison  of  the  data  for  the  four  lowest  loads 
with  those  obtained  under  the  same  loads  before  the 
second  impact  show  that  there  was  no  appreciable  in- 
crease in  either  deflections  or  stresses.  The  data  ob- 
tained for  the  30,000  and  40,000  pound  loads  indicate 
that  the  action  of  the  slab  mider  these  loads  was  elastic 
and  no  apparent  damage  to  the  slab  was  observed. 

Application  of  the  third  impact. — The  third  impact 
consisted  of  a  series  of  1,000  drops,  duplicating  as  closely 
as  possible  the  second  series.  The  same  free  fall  was 
used  and  the  average  impact  reaction  for  this  series  was 
31,900  pounds. 

Static  loading  after  the  third  impact. — The  final  static 
tests  consisted  of  the   application  of  loads  of  5,000, 
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Figure  19. — Deflections  of  First  Slab  Under  Center 
Loading  After  Third  Impact 
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Figure  20. — Stresses  in  First  Slab  at  Midpoint  of 
Stringers  Under  Static  Loads  of  5,000,  10,000,  15,000, 
AND  20,000  Pounds 
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Figure  21. — Comparison   of  Deflections  and  Stresses 
IN  First  Slab  Before  and  After  Impact 

10,000;  15,000,  and  20,000  pounds  at  the  center  of  the 
slab  with  complete  deflection  and  strain  measurements 
for  each  loadins;.  The  deflection  data  for  these  loadings 
are  shown  in  Figure  19  and  the  stress  data  in  Table  2. 

When  these  data  are  compared  with  those  obtained 
for  the  same  loads  before  the  application  of  the  third 
impact,  it  is  evident  that  there  is  no  significant  difference. 

Stresses  in  the  stringers. — Mention  has  been  made  of 
the  fact  that  strain  measurements  were  made  at  the 
mid-points  of  the  two  stringers  nearest  the  center  line 
of  the  slab.  The  strains  measured  were  those  in  the 
upper  and  lower  flanges  of  the  I-beams  at  the  positions 
shown  in  Figure  8. 

The  strain  data  obtained  at  these  points  for  all  of 
the  static  loadings  applied  to  the  slab  are  shown  in 
Figure  20  expressed  as  unit  stresses.  It  is  indicated 
that  the  stress  in  the  upper  flanges  was  extremely 
small  and  that  the  stress  in  the  lower  flanges  did  not 
exceed  5,100  pounds  per  square  inch  (except  for  the 
30,000  and  40,000  pound  loads).  The  position  of  tlie 
neutral  axis  of  the  stringers  was  not  very  definitely 
determined  because  of  the  small  deformations  measured 
in  the  upper  flanges  of  the  I-beams,  but  generally  it 
appears  to  be  from  12  to  15  inclies  above  the  lower  flange. 

In  Figure  21  a  comparison  is  made  of  the  structural 
action  of  the  stringers  before  and  after  impact  and  of 
the  T-bars  at  the  center  of  the  slab  before  and  after 
impact.  For  this  purpose  the  load-deflection  and  the 
load-stress  relations  for  the  mid-point  of  the  stringers 
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.  Figure  22. — Deflections  of  Second  Slab  Under  Center 
Loading  Before  Impact 

Table  2. —  UniCslresses  in  T-bars  of  fir d  slab  under  center  loading 
after  third  impact,  in  pounds  per  square  inch 

TOP  OF  STE.M.S  OF  T-BAKS 


Load 


Pounds 

5,000 

10,000 

15,000 

20,000.... 


Stress  at  strain  gage  point — 


Tension 


1,  9,50 
3,300 
4,200 
4,950 


2,400 
3.  750 
,5,  100 
fi,  300 


2,250 
3,fi00 
5,100 
6,150 


2,  250 
4,  200 
5, 100 
C,  300 


1,350 

2,  700 

3,  900 
0,  000 


1,950 
3,  4,50 
4, 950 
G,  150 


2,  250 
4,200 
6,000 
7,200 


2,  550 
4,050 

5,  700 

6,  900 


2,400 
3,750 
5,250 
6,000 


Compres- 
sion 


750 
1,800 
2,  550 
3,750 


1,050 

2,  250 

3,  1,50 
4,050 


BOTTOM  OF  BASES  OF  T-BARS 


Load 


Pounds 

5,000 

10,000 

15,000 

20,000 


Stress  at  strain  gage  point— 


17 


18 


19 


20 


22 


Tension 


1,350 

2,  550 

2,  700 

3,900 

3,000 

2,  550 

2,250 

1,500 

3,300 

3,600 

4,  6,50 

0,  .300 

5,850 

4,  9.50 

4,650 

3,  000 

4,650 

5,700 

6,  450 

8,  8,50 

7,  650 

fi,  750 

6, 150 

4,  0,50 

5,700 

7,350 

S,  250    11,250 

10,  050 

8,400 

7,350 

5,  850 

1,650 
2,400 
4,200 
5,  250 


and  for  the  base  of  the  T-bar  at  the  mid-point  of  the 
slab  were  selected.  On  this  graph  the  values  obtained 
before  impact  are  connected  with  a  solid  line  and  the 
observed  values  after  the  several  impact  tests  are 
simply  plotted  points. 

DETAILED  DESCUIPTION  OF  THE  TE.STING  OF  THE  SECOND  SLAB 

Static  loads  at  the  center. — In  testing  the  second  slab 
the  general  procedure  was  exactly  the  same  as  that 
followed  in  the  testing  of  the  first  slab.  The  same 
loading  program  was  followed  thi'oughout  except  for 
sHght  variations  in  tlie  magnitude  of  the  impact  forces 
applied. 
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Following  a  series  of  preliminary  loadings,  as  in  the 
case  of  the  first  slab,  three  series  of  initial  static  loads 
of  5,000,  10,000,  15,000,  and  20,000  pounds  were  applied 
at  the  center  of  the  slal)  on  three  diflerent  days  and 
complete  deflection  and  strain  measurements  were  made 
for  each.  The  mean  deflection  curves  obtained  are 
shown  in  Figure  22  and  the  strain  data  expressed  as 
unit  stresses  are  shown  in  Figure  23. 
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Figure  23. — Stresses  in  Second  Slab  Caused 
BY  Static  Loads  Before  Impact 

The  spread  between  the  bases  of  the  two  adjacent 
T-bars  directly  under  the  load  was  measured  in  the  same 
manner  as  was  used  in  the  previous  test  and  found  to 
be  very  small,  being  only  0.003  inch  for  the  20,000- 
pound  load. 

iitntic  loads  at  the  edge.—SUitic  loads  of  5,000,  10,000, 
15,000,  and  20,000  pounds  were  applied  twice  at  a  i)oint 
1  foot  from  the  edge  of  the  slab  and  on  the  axis  of  the 
slab  parallel  to  the  stringers. 

The  deflection  curves  in  Figure  24  are  the  jnean 
values  obtained  in  these  loadings.  The  only  significant 
strain  measurements  obtained  were  at  the  centers  of 
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Figure  24. — Deflections  of  Second  Slab  Under    Edge 
Loading  Before  Impact 
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-Deflections  of  Second   Slab   Under  Two- 
Point  Loading  Before  Impact 


the  stringers  where  stresses  of  about  1,000  pounds  per 
square  inch  were  indicated. 

The  reversal  of  the  arrangement  of  the  deflection 
curves  for  this  loading  in  the  presentation  of  the  data  for 
the  two  slabs  is  due  to  the  fact  that  opposite  edges  were 
used  for  the  edge  loading  of  the  first  and  second  slabs. 

The  2-point  static  load. — This  special  loading  was  ap- 
plied in  exactly  the  same  manner  as  in  the  testing  of 
the  first  slab.  The  loads  were  applied  twice  and  the 
mean  values  of  the  measured  deflections  are  shown  in 
Figure  25.  The  strains  produced  by  this  loading  at  the 
strain  gage  positions  shown  in  Figure  8  were  too  small 
to  be  measured  with  any  accuracy  except  those  at  the 
mid-])oint  of  the  stringers,  where  stresses  of  slightly  less 
than  3,000  pounds  per  square  inch  were  indicated. 

There  was  no  measurable  spread  between  the  T-bars 
at  the  center  of  the  slab  under  the  2-point  loading. 

Ajyplication  of  the  first  impact. — In  applying  impact 
to  the  second  slab  the  apparatus  and  procedure  were 
the  same  as  those  used  in  the  testing  of  the  first  slab. 
The  average  magnitude  of  the  impact  reaction  in  this 
first  series  of  1,000  drops  was  27,300  pounds. 

Following  the  ai)plication  of  this  impact  the  testing 
machine  was  removed  and  the  slab  given  a  careful 
inspection.  There  was  no  visible  effect  of  this  impact 
on  either  the  upper  or  lower  surfaces  of  the  slab.  Aftei- 
this  examination  the  static  loading  equipment  was  again 
placed  on  the  slab. 

Static  loading  after  the  first  impact. — In  accordance  witli 
the  program,  static  loads  of  5,000,  10,000,  15,000,  and 
20,000  pounds  were  next  api)lied  at  the  center  point  of  the 
slab.  Each  load  was  applied  twice  and  complete  deflec- 
tion and  strain  measurements  were  made  for  each  load. 
The  mean  deflection  data  are  shown  in  Figure  26  and  the 
strain  data,  expressed  as  unit  stresses,  are  shown  in 
Figure  27. 

If  a  comparison  is  made  between  these  data  and  those 
given  in  the  corresponding  figures  before  impact  was  ap- 
plied (figs.  22  and  23),  it  will  be  noted  that  after  the  im- 
pact the  maximum  deflection  of  the  slab  for  a  giver 
load  was  slightly  greater  than  before  impact.  For  ex- 
ample, the  deflection  of  the  center  point  under  th( 
20,000-pound  static  load  was  0.073  inch  before  impact 
and  0.077  inch  after  impact,  an  increase  of  about  5  i)ei 
cent.     The  comparison  of  the  stress  data  will  show  tha 
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Figure  26. — Deflection's  of  Second  Slab  Under  Center 
Loading  After  First  Impact    _  _^ ^_  j^t_ 
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Figure  27. — Stresses  in  Second  Slab  Caused 
BY  Static  Loads  After  First  Impact 

there  was  some  adjustment  of  the  stresses  in  the  T-hars 
near  the  load,  but  that  this  adjustment  did  not  increase 
the  maximum  stress  greatly  for  any  of  the  loads.  In 
the  bases  of  the  T-bars  under  the  load  there  was  ap- 
parently a  small  increase  in  the  stresses  due  to  the 
15,000-pound  load,  while  for  the  other  three  loads  there 
was  no  increase.  In  the  stems  of  the  T-bars  there  was 
a  small  increase  for  most  of  the  loads,  but  since  the  stress 
for  the  largest  load  was  less  than  4,000  pounds  ])er 
square  inch,  this  increase  is  of  no  particular  importance 
except  as  another  indication  of  a  readjustment  of  the 
amount  of  load  taken  by  the  concrete  and  by  the  steel. 
Ap])lication  of  the  second  impact.- — In  applying  the 
second  series  of  impact  loads  to  the  second  "slab  the 
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Figure  28. — Deflections  of  Second  Slab  Under  Center 
Loading  After  Second  Impact 

magnitude  of  the  impact  reaction  was  increased  to  an 
average  value  of  30,400  ])ounds  by  increasing  slightly 
the  height  of  free  fall  of  the  truck  wheel  of  the  im])act 
machine.  This  corresponded  to  the  value  of  31,300 
used  in  the  second  series  on  the  first  slab. 

After  the  completion  of  1,000  di'o])s  the  impact  ma- 
chine was  removed  and  the  slab  carefully  inspected. 
There  w'as  no  visible  change  in  either  surface  of  the  slab. 

Static  loading  after  the  ■•second  impact. — Static  loads  of 
5,000,  10,000,  15,000,  20,000,  30,000,  and  40,000  pounds 
were  applied  at  the  centci'  of  the  slab.  These  loads  were 
applied  twice,  coni])lete  dellection  and  strain  measure- 
ments being  made  for  each  load.  The  mean  deflection 
curves  for  these  loadings  are  shown  in  Figure  28.  The 
corresponding  stress  data  for  all  of  the  strain  gage  posi- 
tions are  given  in  Table  3. 

These  data  indicate  that  the  ai)plication  of  the 
second  impact  did  not  ])ro(hK'e  any  significant  change 
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Table  3. —  Unit  stresses  in  T-bars  of  second  slab  under  center  loading 
after  second  impact,  in  pounds  per  square  inch 

TOP  OF  STEMS  OF  T-BARS 


Stress  at  strain  gage  point— 

Load 

1 

2 

3 

4 

5 

6 

7         8 

9 

10 

11 

12 

Tension 

Compres- 
sion 

Pounds 
5,000 

10,000 

900 
1,350 
1.950 
2, 850 
4,200 
5,700 

900 
1,500 
2,100 
2,  850 
4,  R50 
0,150 

1,200 
1,950 
2,850 
3.750 
5,  550 
7,  500 

1,050 
J,  950 
2,700 
3,750 
5,  550 
7,650 

600 
1,500 
1,  950 
3,000 
4,500 
6,300 

750 
1,0,W 
1,80U 

2,  550 

3,  750 
5,  550 

750 
1,  3,50 
1,800 
2,700 
4,650 
6,  450 

1,050 
1,800 
2,700 
3,750 
5,  550 
7,650 

600 
1,500 
2,100 
.3,  1.50 
4,650 
6,900 

1,200 
1,800 
2,400 
3,150 
4,800 
0,  300 

300 

450 

750 

1,  050 

1,650 

2,400 

1450 
'  150 

15,000 

150 

20,000 

300 

30,000 

600 

40,000    . 

1  050 

BOTTOM  OF  BASES  OF  T-BARS 


Load 


Pounds 

5,000 

10,000 

15,000 

20,000 

30,000 

40,000 


Stress  at  strain  gage  jioint^ 


14  15  16  17  18  19  20  21  22  23 


Tension 


1.050 

1.  950 

2.  250 
3.300 
5.  700 
7,050 


1.  200 

1,200 

1.  050 

1.950 

1,  350 

1,  350 

1,200 

1,200 

2.  100 

2,400 

2.  700 

2,  850 

2,400 

2,850 

1,800 

1.  350 

3.000 

3.  150 

3.  750 

4,  .350 

3,  750 

3,300 

2,850 

2.  100 

4,050 

4,500 

5,  260 

5,400 

4,  950 

4,800 

3,  600 

2.  850 

6,750 

7,  950 

8,  700 

9,150 

8,  550 

7,650 

6,  000 

5.700 

8,400 

9,900 

11,400 

12,  150 

11,100 

9,900 

8,100 

7,200 

1.200 
1,  650 
2.100 
2,850 
4,950 
0,750 


'  Tension. 

in  the  behavior  of  the  slab.  The  deflections  were  pi-ac- 
tically  the  same  as  those  measured  for  corresponding 
loads  after  the  application  of  the  first  impact  and  the 
load-deflection  relation  at  the  center  of  the  slab  is 
essentially  a  straight  line  up  to  and  including  the 
40,000-pound  load.  The  strains  in  the  T-bars  were 
practically  unchanged  for  the  four  lower  loads  and  the 
maximum  stress  indicated  at  any  point  was  12,150 
pounds  per  square  inch  in  the  T-bar  imder  the  center 
of  the  40,000-pound  load. 

Application  of  the  third  impact. — In  this  series  the 
average  impact  reaction  was  31,900  pounds,  corre- 
sponding exactly  to  the  value  used  in  the  application  of 
the  third  series  of  impact  loads  to  the  first  slab.  After 
the  completion  of  the  series  of  1,000  drops  the  slab  was 
again  carefully  inspected  but  no  visible  elfect  of  the 
impact  was  found. 

Static  loadiiiq  after  the  third  impact. — The  final  series 
of  static  tests  comprised  loads  of  5,000,  10,000,  15,000, 
and  20,000  pounds  applied  at  the  center  of  the  slab, 
complete  deflection  and  strain  measurements  being 
made  for  each  loading.  The  mean  deflections  are 
shown  in  Figure  29  and  the  stress  data  in  Table  4. 

A  comparison  of  these  data  with  those  obtained  under 
the  same  loads,  before  the  third  series  of  impact  load- 
ings was  applied,  shows  that  the  third  impact  did  not 
produce  any  significant  change  in  the  action  of  the  slab. 

Stresses  in  the  stringers.--  As  in  the  case  of  the  first 
slab,  strain  measurements  were  made  at  the  mid-iwint 
of  the  two  stringers  nearest  the  center  line  of  the  slab. 
These  strain  data,  expressed  as  unit  stresses,  are  shown 
for  all  loads  in  Figure  30.  It  will  be  noted  that  there 
was  practicality  no  stress  in  the  u])per  flanges  and  that 
even  with  the  40,000-pound  load  the  stress  in  the  lower 
flange  did  not  exceed  7,000  pounds  ])er  square  inch. 
The  position  of  the  neutral  axis  of  these  members  is 
rather  indefinite,  because  of  the  fact  that  the  stresses 
in  the  upper  llange  of  the  stringers  were  so  small  as 
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Figure  29. 


-Deflections  of  Second  Slab  Under  Center 
Loading  After  Third  Impact 


Table  4. —  Unit   stresses  in  T-bars   of  second  slab  under  center 
loading  after  third  impact,  in  pounds  per  square  inch 

TOP  OF  STEMS  OF  T-BARS 


Load 


Pounds 

5,000... 

10,000 

15,000 -. 

20,000 


stress  at  strain  gage  point — 


Tension 


900  600  900]  6001  750|  750  750|  750|  900   750 

1,  650  1,  350  1,  500,1,  500  1,  350  1,  200  1,  650  1, 650  1,  650  1,  200 
2, 100  2,  250]2,  250  2,  400,2,  250'2,  250,2,  400  2,  550,2,  850  2,  250 

2,  850,3, 150  3,  450'3,  300,2, 850  3, 150|3, 150'3,  600:3,  4,50|2,  700 


11        12 


Compres- 
sion 


1150 

0 

450 

450 


1300 

0 

300 

150 


BOTTOM  OF  BASES  OF  T-BARS 


Load 


Pounds 

5,000 

10,000.... 
15,000.... 
20,000.... 


Stress  at  strain  gage  point- 


14  15  16  17  18  19  20  21  22  23 


Tension 


1, 0.50 

900 

1,200 

1,200 

1,  .500 

1,350 

900 

1,050 

600 

1,650 

1,800 

2,100 

2,550 

2,700 

2,850 

1,800 

1,950 

1,650 

2,550 

2,850 

3,450 

4,050 

4,050 

3,900 

3,000 

2,700 

2,550 

3,600 

3,900 

4,650 

5,250 

5,100 

5,100 

4,050 

3,450 

3,300 

300 
1,050 
1,650 
2,400 


1  Tension. 


but 


to    be  incapable    of   being   measured   accurately, 
apparently  it  is  near  the  lower  surface  of  the  slab. 

Figure  31  shows  the  load-deflection  and  load-stress 
relations  for  the  mid-point  of  the  stringers  and  for  the 
mid-point  of  the  slab  before  and  after  the  application 
of  the  impact.  This  figure  is  a  companion  graph  to 
Figure  21,  the  values  measured  before  impact  being  con- 
nected with  a  solid  line  and  those  observed  after  the 
three  series  of  impact  loadings  being  shown  as  plotted 
points.  In  these  data  there  is  an  indication  of  the  same 
increase  in  flexibility  that  was  noted  after  impact  was 
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Figure  30. — Stresses  in  Second  Slab  at  Midpoint  of 
Stringers  Under  Static  Loads  of  5,000,  10,000,  15,000, 
AND  20,000  Pounds 

applied  to  the  first  slab  but  the  magnitude  of  the  in- 
creases both  in  deflection  and  in  stress  is  very  much  less. 

OTHER  DATA    OBTAINED 

Deflection  under  impact. — At  the  conclusion  of  the 
scheduled  tests  on  the  second  slab,  advantage  was  taken 
of  the  opportunity  to  obtain  some  data  on  the  relative 
deflections  of  the  mid-point  of  the  slab  under  impact 
and  equivalent  static  loads. 

The  procedure  used  for  measuring  the  slab  deflection 
under  impact  was  very  simple.  In  the  center  of  the 
base  of  the  T-bar  directly  under  the  center  of  the  load 
a  short  stylus  point  of  hardened  steel  was  attached. 
The  stylus  extended  downward  a  short  distance  and 
the  tip  was  bent  over  into  a  horizontal  position.  A 
substantial  framework  resting  upon  the  earth  beneath 
the  slab  supported,  on  edge,  a  small  piece  of  plate  glass, 
one  side  of  which  was  coated  with  a  smoke  film.  The 
smoked  side  of  this  glass  plate  was  adjusted  so  that  it 
just  made  contact  with  the  horizontal  stylus  point. 
A  deflection  of  the  slab  produced  a  short  vertical  trace  in 
the  smoke  film.  After  each  loading  the  glass  plate  was 
moved  forward  in  guides  to  a  new  position,  many  records 
being  made  on  one  plate.  The  measurement  of  the  length 
of  the  scribed  lines  was  made  with  a  precision  comparator. 
With  this  instrument  an  accuracy  of  measurement  of  bet- 
ter than  one  thousandth  of  an  inch  was  readily  obtain- 
able. This  method  of  making  deflection  measurements 
was  adopted  because  of  the  difficulty  of  accurate  meas- 
urements of  deflection  under  impact  with  any  of  the 
more  usual  forms  of  deflection-measuring  equipment. 

The  data  obtained  from  these  measurements  arc 
shown  in  Figure  32  compared  with  the  static  load- 
deflection  data  obtained  after  the  second  series  of 
impact  loads  were  applied.  This  series  was  used 
because  it  included  the  30,000  and  40,000  pound  loads. 
It  will  be  noted  that  the  value  of  the  impact  pressures 
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Figure  32. — Comparison   of   Deflections   of   Midpoint 
OF  Second  Slab  Under  Impact  and  Static  IvOads 

developed  ranged  from  about  7,400  to  about  33,000 
pounds.  The  impact  load  values  were  those  computed 
from  the  accelcromcter  measurements  as  previously 
described. 
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These  data  indicate  little  difference  between  the 
deflections  of  the  mid-point  of  the  slab  under  static 
loads  and  those  caiised  by  impact  loads  of  the  type 
imposed  by  the  wheels  of  motor  vehicles. 

Dye  test  for  separation  of  steel  anel  concrete. — The 
increased  flexibility  of  the  slabs  after  the  application  of 
the  first  impact  raised  the  question  as  to  whether  or 
not  this  was  due  to  a  breaking  of  the  bond  between  the 
concrete  and  the  stems  of  the  T-bars  in  the  vicinity 
of  the  area  on  which  the  impact  was  applied.  A  carefiil 
visual  examination  of  this  part  of  the  first  slab  at  the 
time  of  its  demolition  failed  to  show  any  evidence  of 
such  separation.  After  the  testing  of  the  second  slab 
it  was  decided  to  stain  the  area  subjected  to  impact 
with  a  penetrating  dye  so  that,  if  any  fissures  had 
developed  along  the  stems  of  the  T-bars,  the  dye 
would  penetrate  and  stain  them,  thus  indicating  their 
presence  and  extent  when  the  slab  was  finally  demol- 
ished. A  similar  area  near  the  edge  of  the  slab  was 
also  treated  with  the  dye  in  order  that  the  presence  of 
fissures  due  to  causes  other  than  impact  (as  for  example, 
shrinkage)  would  be  revealed.  The  dye  used  was 
methyl  violet  base  dissolved  in  alcohol  and  ponded 
over  the  area  in  question. 

Some  unreported  experiments  in  the  staining  of 
fissures  in  concrete  had  shown  this  dye  to  be  very  satis- 
factory for  the  purpose,  as  it  penetrates  readily  and 
produces  an  excellent  stain. 

When  the  slab  was  demolished  it  was  found  that 
there  had  been  no  penetration  of  the  dye  either  along 
the  sides  of  the  T-bars  or  at  any  other  point. 

DISCUSSION  OF  THE  DATA 

In  considering  the  data  which  have  just  been  pre- 
sented, it  should  be  borne  in  mind  that  the  deflection 
measurements  are  imdoid:)tedly  more  relial)le  than  the 
strain  measurements  because  the  magnitude  of  the 
displacement  being  measured  was  so  much  greater  in 
the  case  of  the  deflections.  For  this  reason  personal 
errors,  mechanical  errors,  and  temperature  errors  in  the 
measurements  are  generally  a  very  small  percentage  of 
the  total  measurement  in  the  deflection  data.  In  the 
measurement  of  strains,  however,  such  is  not  the  case. 
The  stresses  in  the  steel  were,  in  general,  small  and,  even 
with  the  10-inch  gage  length  whicli  was  used,  the  total 
deformation  was  small,  being  of  the  general  order  of 
0.0010  to  0.0030  inch.  With 'such  snuill  displaccjnents, 
the  utmost  care  is  necessary  to  keep  the  personal  errors 
of  strain  gage  manipulation  and  the  temperatiu'e  effects 
on  the  strain  gage  within  reasonable  limits. 

All  strain  measurements  were  made  by  one  operator 
in  order  to  eliminate  differences  resulting  from  any 
personal  equation.  Check  readings  were  made  at 
periods  when  the  air  tem])erature  agreed  as  nearly  as 
possible  with  that  which  ol)tained  during  the  initial 
readings,  because  it  was  found  that,  despite  temperature 
corrections,  changes  of  temperature  of  either  the  steel 
in  the  slab  or  of  the  gage  itself  could  produce  noticeable 
variations  in  the  small  strain  values  being  measured. 
Corrections  for  temperature  by  means  of  a  standard 
reference  bar  were  made  for  all  strain  measurements. 

It  is  believed  that  the  data  obtained  with  the  strain 
gage  in  these  tests  indicate,  with  reasonable  accuracy, 
the  actual  stresses  which  existed  in  the  steel  at  the 
time  of  measiu'ement. 

Deflection  of  the  slabs. —  The  general  cluiracter  of  the 
deflection  curves  indicates  that  both  of  the  sla])s  acted 
as  stiff'  plates,  giving  a  good  distribution  to  the  load. 


In  order  to  compare  the  behavior  of  the  two  slabs 
the  followmg  table  has  been  prepared  showing  the 
deffections  of  the  mid-point  of  the  slab,  of  the  mid- 
point of  the  stringer  adjacent  to  the  load,  and  of  the 
ffoor  beam  at  the  stringer  connections,  for  the  20,000- 
pound  static  load  which  was  applied  in  the  center  of 
each  slab  both  before  and  after  the  application  of  the 
first  series  of  impact  loadings. 

Table  5. — Gross  deflections,  in  inches,  under  the  20,000-pound  load 
applied  at  the  center  of  the  slab 

FIRST  SLAB 


Mid- 
point 
of  slab 

Mid- 
point 
of 
stringers 

Floor 
beam  at 
stringer 
connec- 
tion 

Before  impact.     . 

0.087 
.113 

0.046 
.057 

0  014 

After  first  impact   .. 

020 

Increase .  .      .        .-  _. 

.026 

.011 

.006 

SECOND  SLAB 

Before  impact .. 

0.073 
.077 

0.043 
.044 

0  015 

After  first  impact     -._.--    

016 

.004 

.001 

001 

It  is  ap])arent  that  the  second  slab  was  a  stifl'er 
structure  than  the  first  slab.  The  deflection  of  the 
mid-point  of  the  second  slab  with  respect  to  the  adja- 
cent stringers  was  0.030  inch  as  compared  with  that  of 
0.041  inch  for  the  first  slab.  The  deflection  of  the  mid- 
point of  the  stringer  with  respect  to  its  ends  was  0.028 
inch  under  the  second  slab  and  0.032  inch  under  the 
first  slab,  indicating  greater  slab  stiff'ness  and  conse- 
quent distribution  of  load  on  the  stringer.  These  com- 
parisons refer  to  deflections  before  impact. 

The  data  show  that  the  impact  loadings  served  to 
increase  the  flexibility  and  thus  to  decrease  the  load- 
distributing  ability  of  both  slabs.  In  the  first  slab  this 
change  was  very  noticeable;  in  the  second  slab  it  was 
much  less  marked.  If  the  deflection  of  the  mid-point 
of  the  slab  with  respect  to  the  adjacent  stringers  is 
compared  it  will  be  found  that  the  deflection  of  the 
first  slab  increased  from  0.041  inch  to  0.056  inch  (37 
per  cent),  while  for  the  second  slab  the  increase  was 
from  0.030  inch  to  0.033  inch  (10  per  cent)  after  the 
application  of  the  impact.  Similarly,  the  increase  in 
stringer  deflection  after  the  first  impact  was  from  0.032 
to  0.037  inch,  or  16  per  cent,  for  the  first  slab  and  zero 
for  the  second  slab.  This  indicates  that  the  impact 
caused  a  decrease  in  the  distribution  of  the  load  on  the 
stringers  under  the  first  slab  but  caused  little  or  no 
change  in  this  distribution  for  the  second  slab. 

The  deflection  data  show  that  after  the  flrst  series  of 
impacts  subsequent  loadings,  either  static  or  impact, 
caused  little  or  no  change  in  structural  behavior,  the 
action  of  both  slabs  being  entirely  elastic  even  for  the 
30,000  and  40,000  pound  static  lo'ads. 

While  the  causes  for  the  differences  which  were 
observed  in  behavior  of  the  two  slabs  have  not  been 
definitely  determined,  it  is  of  interest  to  give  some  con- 
sideration to  the  various  features  of  their  structural 
design  which  might  have  been  responsible  for  them. 

The  supi)orting  structure — i.  e.,  the  walls,  the  floor 
beams,  and  the  stringers — -was  the  same  for  both  slabs. 
As  has  been  previously  noted,  the  floor  beams  were 
bolted  down  on  bearing  plates  and  the  stringers  were 
rivet-connected  to  the  floor  beams.     From  these  facts 
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and  such  doflection  data  as  were  o])taiiu'd  for  the  floor 
hoains  and  strin<;ors,  it  seems  ini])rol)al)lc  that  any 
api)i"efiahle  i)art  ol'  the  diirereiiees  observed  was  due  to 
the  substructure. 

Among  the  structural  elements  of  the  shib  proper 
there  were  several  differences  which  may  have  hatl 
some  influence.  The  base  of  the  T-bar  iised  in  the 
steel  mat  of  the  second  slab  was  appreciably  thicker 
tlum  that  used  in  the  flrst  slab.  (See  (ig.  (5.)  The  effect 
of  this  would  be  to  increase  the  stiffness  of  tlie  slab 
and,  to  some  extent,  the  stiffness  of  tlie  stringers  to 
wliich  these  members  were  welded.  Tliere  were  fewer 
welds  between  tlie  bases  of  the  T-bars  aiul  the  stringers 
in  tfie  second  slab  than  there  were  in  tlie  first.  How- 
ever, on  reference  to  Figure  o,  it  will  be  seen  that  tlie 
abutting  edges  of  tlie  bases  of  the  T-bars  in  the  second 
slab  were  welded  together  at  several  places.  There 
were  no  such  welds  in  the  first  slab.  The  effect  of 
these  welds  is  to  increase  the  continuity  of  the  steel 
forming  the  bottom  of  the  slab,  and  thus  to  increase 
the  slab  stifl'ness  to  some  indeterminate  extent.  There 
is  one  other  feature  of  the  steel  design  of  the  slabs  which 
])rol)ably  had  an  important  influence  on  the  difference 
in  stiffness  noted,  and  that  is  the  fact  that  in  the  second 
slab  the  upper  edges  of  the  stems  of  the  T-bars  were 
connected  by  rather  heavy  transverse  members  spaced 
at  frecpient  intervals  and  welded  in  place.  Since  these 
members  would  be  capable  of  receiving  and  carrying  a 
considerable  amount  of  compressive  stress  in  the  direc- 
tion normal  to  the  T-bars,  their  presence  would  give 
the  steel  mat  a  resistance  to  lateral  compression  quite 
inde])endent  of  the  concrete  filling  material. 

The  concrete  in  the  two  slabs  was  intended  to  be  as 
nearly  the  same  as  possible.  The  proportions  were  the 
same,  the  aggregates  were  of  the  same  quality,  came 
from  the  same  sources,  and  were  of  nearly  the  same 
gradations.  Different  cements  were  used  for  the  two 
slabs,  but  the  second  cement  was  selected  because  its 
28-day  strength  tests  gave  values  almost  identical 
with  those  obtained  at  the  same  age  with  the  first 
cement.  The  first  slab  was  placed  when  the  air 
temperature  was  over  100°  F.  and  the  water  in  the  mix 
was  increased  to  a  water-cement  ratio  of  0.S6  before 
the  concrete  could  be  placed.  It  is  probable  that  the 
concrete  as  it  came  from  the  mixer  and  was  used  in 
making  the  test  cylinders  had  this  water-cement  ratio. 
It  is  improbable,  however,  that  the  concrete  in  the  slab 
at  the  time  the  vibrating  was  completed  had  as  much 
water  in  it  as  this  water  cement  ratio  woifld  indicate. 
When  the  second  slab  was  placed,  the  weather  was 
much  cooler  and,  with  a  water-cement  ratio  of  0.82, 
no  particular  difficulty  was  experienced  in  placing  the 
concrete  in  the  mats.  Although  the  two  sets  of  test 
cylinders  cured  in  the  damp  room  for  28  days  showed  a 
wide  difference  in  concrete  strength,  it  seems  quite 
probable  that  the  concrete  in  the  two  slabs  at  the  time 
the  load  tests  were  made  did  not  differ  in  its  properties 
nearly  as  much  as  the  strength  test  data  from  the  6  by  12 
inch  cylinders  tested  at  28  days  would  lead  one  to 
believe. 

It  is  difficult  to  estimate  just  what  part  the  concrete 
plays  in  the  functioning  of  a  slab  of  this  tyjie.  At  the 
time  the  concrete  is  placed  it  fills  completely  the 
rectangular  trough  between  the  T-bars.  Sul)se(|uently, 
it  dries  out  and  shrinks  in  volume.  The  amoinit  of  the 
shrinkage  which  occurs  in  concrete  during  this  period 
depends  on  many  factors,  including  the  kind  and 
amount  of  cement  and  the  amount  of  water  present  in 


the  mixture.  It  is  jiossible  for  a  3-inch  prism  of  con- 
crete to  shrink  sulliciently  to  draw  completely  away 
ivom  the  mold  and  the  fact  that  very  fine  cracks  were 
i)l>servod  over  the  stems  of  the  T-bars  in  both  slabs, 
over  the  rectangular  transverse  members  in  the  first 
slab  and  along  the  edges  of  the  half-round  transverse 
members  in  the  second  slab,  suggested  the  possibility 
that  such  separation  had  occiu'red.  in  these  slabs. 

These  fine  cracks  were  quite  generally  distributed 
over  the  entire  upjier  surface  of  both  slabs,  were 
observed  in  many  instances  l^efore  any  loads  had  been 
imposed,  and  underwent  no  apparent  change  during 
the  apjilicatiou  of  the  various  loads.  In  a  number  of 
places  in  the  discussion  of  the  efl'ect  of  loading  reference 
is  made  to  the  presence  or  absenc'.e  of  structui'al  ci-acks 
or  cracks  due  to  load  and  these  should  not  be  confused 
with  the  fine  surface  fissures  due  to  shrinkage  of  the 
concrete  which  have  just  been  mentioned. 

Throughout  the  testing  of  the  two  slal)s  the  beliavior 
of  the  concrete  was  closely  watched,  yet  no  indication 
of  a  loosening  of  the  concrete  was  observed  at  any  time. 
\Vhen  the  static  loads  were  ap])lied  at  the  center  of  the 
slab  and  the  separation  of  the  T-bars  measured  in  the 
manner  previously  described,  it  was  evident  that  even 
under  the  5,000-pound  load  the  measured  separation 
at  that  point  was  sufficient  to  break  such  bond  as  may 
have  existed  before  the  static  load  was  applied. 

In  spite  of  these  evidences  of  separation  between  the 
concrete  and  the  steel,  it  was  found  when  the  slabs 
were  demolished  that  the  concrete  was  adhering 
tightly  to  the  steel;  that  when  it  was  chipped  off  the 
surfaces  of  the  steel  members  in  contact  were  clean  and 
free  from  rust;  that  the  concrete  showed  no  sign  of 
rust  stain;  and,  in  the  case  of  the  second  slab,  that  the 
dye  which  had  been  ponded  on  the  upper  surface  of  the 
slab  had  not  penetrated  the  slab  at  any  point.  It  must 
be  concluded,  therefore,  that  good  bond  between  the 
steel  and  the  concrete  did  exist  and  that  this  bond  was 
maintained  throughout  the  tests  and  until  the  time  of 
the  demolition  of  the  slabs  after  an  exposure  of  nearly 
a  year. 

In  view  of  these  facts  it  seems  jirobable  that  the 
concrete  acts  as  a  filler  receiving  the  load;  that  it  serves 
to  support  the  stems  of  the  T-bars  during  bending 
along  the  transverse  axis  of  the  slab,  enabling  them  to 
take  full  compression;  that  it  takes  some  compression 
itself  in  this  direction;  and  that  during  bending  along 
the  longitudinal  axis  of  the  slab  it  takes  its  proportion- 
ate share  of  the  compression  in  the  slab.  It  is  indi- 
cated also  that  the  steel  surfaces  which  were  covered 
by  an  adecjuate  thickness  of  the  concrete,  such  as  the 
sides  of  the  stems  and  the  tops  of  the  bases  of  the 
T-bars,  were  protected  against  rusting. 

Stresses  in  the  steel. — The  tensile  stresses  at  the  cen- 
ter of  the  lower  flange  of  the  stringers  were  j^ropoi-- 
tional  to  the  deflection  and  were  very  moderate  for  all 
of  the  loadings.  In  the  first  slab  test  this  stress  was 
approximately  4,000  ]iounds  jier  scjuare  inch  for  the 
20,000-pound  load  and  about  7,000  ])ounds  per  square 
inch  for  the  40,0()0-pound  load.  In  the  second  slab 
test  this  stress  amounted  to  ajiiiroximately  3,500  jioimds 
per  square  inch  for  the  2(),000-pouiul  loan  and  about 
(1,000  pounds  for  the  40,()()0-poun(l  load. 

The  stresses  in  the  stems  of  the  T-bars  at  the  posi- 
tions of  maximum  negative  moment,  over  the  sti-ingers, 
were  moderate  for  all  of  the  static  loads.  In  the  first 
slab  these  stresses  were  of  the  order  of  0,000  pounds 
per  square  inch  for  the  20, 000-pound  load  and  11,000 
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pounds  per  square  inch  for  the  40,000-pound  load.  In 
the  second  slab  the  stresses  for  these  same  loads  were 
of  the  order  of  3,500  and  7,500  pounds  per  square 
mch,  respectively. 

The  stresses  in  the  bases  of  the  T-bars  directly  be- 
neath the  load  were  the  highest  observed  at  any  of  the 
points  where  measurements  were  made.  In  the  first 
slab  this  stress  was  about  7,500  pounds  per  square 
inch  before  impact  and  about  10,000  pounds  per  square 
inch  after  impact  for  the  20,000-pound  load.  For  the 
40,000-pound  load  it  was  about  20,000  pounds  per 
square  inch.  In  the  second  slab  the  20,000-pound  load 
ca\ised  a  stress  of  about  6,000  pounds  per  square  inch, 
the  40,000-pound  load  caused  a  stress  of  about  12,000 
pounds  per  square  inch,  and  the  effect  of  the  impact 
on  the  magnitude  of  the  stress  at  this  point  was  very 
slight.  If  the  data  concerning  this  stress  in  Figure  23 
are  compared  with  those  in  Figure  27,  it  will  be  seen 
that  while  the  magnitude  of  the  maximum  stress  was 
not  changed  by  the  application  of  the  impact,  the  dis- 
tribution of  the  stress  among  the  T-bars  under  the  load 
was  changed  to  some  extent. 

To  summarize,  the  stress  data  lead  to  the  conclusion 
that  the  20,00()-pound  static  load  applied  at  the  center 
of  the  slab  did  not  cause  excessive  steel  stresses  in 
either  of  the  slabs  tested. 

General  observations. — In  the  construction  and  test- 
ing of  these  two  slabs  there  were  several  points  observed 
which  may  be  of  general  interest. 

The  mats,  as  received,  were  not  flat  and  did  not 
lie  smoothly  on  the  stringers.  It  was  necessary  to 
draw  these  mats  down  as  they  were  welded  in  order 
that  each  T-bar  might  be  in  bearing  on  the  stringers. 

The  welding  of  the  mats  to  the  stringers  was  accom- 
plished witho\it  difficulty  with  an  electric  wciding  outfit. 
These  field-made  welds  were  found  to  be  sound  and 
intact  when  the  slabs  were  demolished.  The  welds 
which  attached  the  half  rounds  to  the  stems  of  the  T- 
bars  in  the  second  slab  were  not  uniformh^  good,  a 
number  of  defective  welds  being  found  before  the  con- 
crete was  placed  and  during  the  demolition  of  the  slab. 

In  the  construction  of  both  of  the  slabs  the  concrete 
was  finished  oft'  practically  flush  with  the  upper  surface 
of  the  steel  mats,  but  the  finishing  left  a  thin  layer  of 
mortar  over  the  top  of  the  stems  of  the  T-bars  and 
over  the  transverse  members  in  the  mats.  This  layer 
was  about  one-sixteenth  to  one-eighth  inch  in  thickness. 
During  the  period  of  exposure  subsequent  to  testing, 
moisture  penetrated  this  thin  layer  of  mortar,  rusted 
the  steel,  and  forced  off  the  mortar  layer.  At  the  time 
the  slabs  were  demolished,  it  was  found  that  in  a  good 
many  places  the  steel  which  had  been  exposed  in  this 
way  was  deeply  pitted  by  rust. 

It  seems  advisaV:)le  that  some  means  be  developed  for 
protecting  the  steel  in  the  upper  surfaces  of  mats  which 
are  to  be  used  for  bridge  floor  slabs  or  other  exposed 
structures.  This  might  be  accomplished  through  an 
increase  in  the  thickness  of  the  concrete  cover  over  the 
steel  or  through  the  application  of  an  imj^ermeable 
wearing  surface  to  the  slab.  Either  of  these  would  in- 
crease the  weight  of  the  floor  somewhat  but  would 
insure  the  diu-ability  of  the  structure. 

Concrete  for  the  construction  of  flonr  slabs  of  this 
type  should  be  designed  for  workability  as  well  as 
strength.  The  mix  which  was  used  in  these  tests  was 
somewhat  deficient  in  workability  and  would  have  been 
improved  by  an  increase  in  the  proportion  of  fine  aggre- 


gate in  the  mixture.  The  protection  of  the  steel  is  a 
very  important  function  of  the  concrete  and  can  be 
assured  only  by  dense,  impermeable  material.  Vibra- 
tory methods  of  placing  are  of  great  assistance  in  secur- 
ing thorough  consolidation,  but  a  properly  proportioned 
concrete  mixture  is  necessary.  If  the  concrete  is  not 
workable,  the  tendency  will  be  to  overvibrate  in  an 
eft'ort  to  secure  consolidation,  and  this  may  be  carried 
so  far  as  actually  to  cause  segregation  and  loss  of  the 
cement  paste. 

CONCLUSIONS 

From  the  data  which  have  been  presented  and  from 
observations  made  dtiring  the  investigation  the  follow- 
ing conclusions  are  drawn. 

1.  That  both  slabs  acted  as  stiff  plates  giving  a  good 
distribution  of  the  load  to  the  supporting  structure. 

2.  That  both  slabs  were  capable  of  supporting  static 
wheel  loads  such  as  are  normally  found  in  present-day 
traffic,  without  excessive  stress. 

3.  That  the  effect  of  the  severe  impact  which  was 
applied  during  the  tests  was  to  increase  the  flexibility 
of  the  structure  and  to  decrease  the  distribution  of  the 
load.  This  eflect  was  more  marked  in  the  first  slab 
than  it  was  in  the  case  of  the  second  slab. 

4.  That  there  was  nothing  in  the  behavior  of  the 
slabs  under  static  loads  subsequent  to  impact  to  indi- 
cate that  either  slab  had  been  damaged  structurallj^  by 
the  impact. 

5.  That  there  was  no  loosening  of  the  concrete  by  the 
impact. 

6.  That,  for  durability  in  exposed  locations,  the  steel 
in  the  upper  surface  of  the  slabs  should  have  more 
protection  from  moisture  than  was  provided  in  the 
slabs  tested. 


BITUMINOUS  CONCRETE  ON  CONNECTICUT 
AVENUE  EXPERIMENTAL  ROAD 

The  photographs  on  the  cover  of  Public  Roads  this 
month  depict  a  portion  of  the  Connecticut  Avenue 
experimental  road  which  was  constructed  in  the  fall 
of  1912.  The  back  cover  shows  the  Portland  cement 
concrete  base  ready  for  the  application  of  the  bitu- 
minous concrete  surface  and  the  appearance  of  the 
pavement  one  year  after  completion.  The  view  on  the 
front  cover,  taken  at  the  same  location  in  August, 
1932,  reveals  the  present  condition  of  the  surface. 

This  section,  known  as  experiment  No.  2  (north  of 
Bradley  Lane),  is  an  asphaltic  concrete  proportioned 
in  accordance  with  the  District  of  Columbia  specifica- 
tions and  laid  2  inches  thick  on  a  foundation  of  1:3:7 
gravel  concrete.  The  experiment  was  divided  into  two 
sections  in  which  limestone  and  trap-rock  screenings, 
respectively,  were  used.  Limestone  dust  was  used  as 
filler  and  the  binder  was  a  fluxed  native  asphalt. 

The  construction  cost  was  195.65  cents  per  square 
yard.  The  section  has  given  very  good  service  for  20 
years  under  an  increasing  burden  of  traffic,  which  in 
1931  reached  an  average  daily  density  of  more  than 
3,000  vehicles.  Wear  and  depressions  have  developed 
near  the  gutter,  and  have  been  repaired  with  cold- 
patch  mixtures  of  tar  and  stone  chips.  The  total 
maintenance  costs  during  the  20-year  period  have  been 
20.38  cents  per  square  yard. 
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RESEARCH  ON  THE  ATTERBERG  LIMITS  OF  SOILS 


By  ARTHUR  CASAGRANDE,  Research  Assistant,  United  States  Bureau  of  Public  Roads  ' 


THIS  report  is  a  detailed  account  of  rescarcli  on 
Atterberg's  liquid  and  plastic  liniits  of  soils,  car- 
ried on  by  the  Massachusetts  Institute  of  Tech- 
nology, the  United  States  Bureau  of  Public  Roads  co- 
operating. vSpecial  attention  is  paid  to  the  develo])- 
nient  of  a  mechanical  device  for  the  liquid  limit  test,  the 
use  of  vvhicli  has  led  to  a  clearer  understanding  of  the 
])liysical  significance  of  the  liquid  and  plastic  limit  tests. 

The  procedures  described  in  this  report  are  those  usetl 
in  tliis  investigation.  They  are  not  intended  for  rou- 
tine testing  in  subgrade  work.  For  this  purpose  simpler 
procedures  published  i)reviously  in  Public  Roads  have 
been  adopted  by  the  Bureau  of  Public  Roads.  The 
apparatus  for  making  the  liquid  limit  test  nie(dianically, 
however,  may  prove  advantageous  for  standardizing 
the  test  procedures  used  in  the  different  subgrade  soil 
laboratories.  Additional  investigation  of  the  signifi- 
cance of  the  flow  curve,  the  flow  index,  and  the  tough- 
ness index  furnished  by  means  of  the  liquid  limit  device 
offers  an  attractive  field  for  research  in  soil  physics. 

The  most  conspicuous  physical  jjroperty  of  a  clay  is 
its  plasticity.  This  property  has,  therefore,  been  stud- 
ied extensively  as  a,  basis  for  distinguishing  between 
clays  and  non]:)lastic  soils  and  for  classifying  different 
clays  according  to  the  degree  of  their  plasticity. 

The  method  suggested  about  20  years  ago  by  A. 
Atterbcrg  (f)-  for  measuring  the  relative  plasticity  of 
soils  has  been  described  at  length  in  Public  Roads  (2, 
3,  4).  It  consists  of  tests  for  disclosing  the  upper  and 
lower  limits  of  the  plastic  state,  or  the  so-called  liquid 
and  plastic  limits.  The  numerical  difference  f)etween 
these  two  values  is  the  plasticity  index. 

How  the  limit  tests,  in  conjunction  with  other  simpli- 
fied soil  tests,  disclose  relationships  which  allow  an 
approximate  determination  of  those  physical  properties 
which  influence  the  behavior  of  subgrades,  has  i)re- 
viously  been  reported  in  Public  Roads  (G). 

Further  and  more  conclusive  evidence  of  the  rela- 
tionship between  tlie  results  of  Atterberg's  limit  tests 
and  the  fundamental  physical  property,  shearing  re- 
sistance, is  furnished  by  the  investigations  described  in 
this  report.^ 

The  more  exact  requirements  of  research  in  soil  phy- 
sics and  foundation  design  necessitated  the  develop- 
ment of  the  mechanical  device  which  eliminates  almost 
entirely  the  personal  equation  in  the  determination  of 
the  liquid  limit.  Prior  to  describing  this  apparatus, 
disclosing  its  application  in  soil  investigations  and  dis- 
cussing the  significance  of  the  results  furnished  by  its 
use  in  special  investigations,  it  seems  desirable  to  intro- 
duce a  digest  of  Atterberg's  paper  (f). 

ATTERBERG'S  ORIGINAL  LIMITS  OF  THE  PLASTICITY  OF  SOILS 

The  "hniits  of  consistency"  which  Atterlierg  estab- 
lished in  order  to  get  a  clearer  conception  of  the  range 

'  Mr.  Casagrande  has  recently  terminated  his  connection  with  the  bureau  and  wil  h 
the  Massachusetts  Institute  of  Technology  and  is  now  a  lecturer  at  Harvard  Uni- 
versity. 

'  See  bibliography  at  the  end  of  this  report.  Numerals  in  parent  he.scs  refer  to  t  he 
articles  listed  in  the  bibliograi)hv. 

3  The  siguificanoe  of  the  Atlerberg  tests  with  respect  to  the  ceramic  industry  is 
thoroughly  discussed  by  Alfred  B.  Searle  (5). 
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of  water  contents  of  a  soil  in  the  plastic  st-iite  sire  as 
follows: 

L  The  upper  limit  of  viscous  flow,  at  which  a  mix- 
ture of  clay  and  water  flows  as  a,  lliiid  almost  like 
water. 

2.  The  lower  limit  of  viscuous  (low,  the  "liquid 
limit,"  at  which  two  sections  of  a  soil  cake,  placed  in  a 
cup  (see  fig.  f )  barely  touch  but  do  not  flow  together 
under  the  impact  of  several  sharp  blows.' 


Figure  1. — DiAiatAM  TllUkStuating  Liquid 
Limit  Tkst.  Figuhe  1,  a  Snows  Width 
OF  (iKOdVE  AXD  Height  of  Soil  Pat; 
1,5  Snows  Clo.^ed  CSkoove  .^fteh  Test 

3.  The  "sticky  limit,"  tit  which  the  clay  loses  its 
adhesive  property  ;ind  ceases  to  stick  to  other  objects, 
such  as  the  hands  or  a  metal  blade. ^ 

4.  The  "cohesion  limit"  (Zusammenhaftbarkeits- 
grenze),  at  wliich  the  grtiins  cease  to  cohere  to  one 
another  ^. 

.5.  The  lower  limit  of  the  ])lastic  state,  or  the  plastic 
limit,  at  wliich  the  soil  crumldes  when  being  rolled  out 
into  threads. 

6.  The  lower  limit  of  volume  change  or  the  shrinkage 
limit,  at  which  further  loss  of  moisture  does  not  cause 
a  loss  in  volume. 

Atterberg  considered  that  the  amount  of  sand  which 
can  be  added  at  the  liquid  limit  without  causing  the 
soil  to  completely  lose  its  plasticity  is  a  measure  of  the 
plasticity  of  the  soil.  He  found  further,  that  the  dif- 
ference between  the  li([uid  and  plastic  limits,  the  plas- 
ticity index,  represents  a  satisfactory  measure  of  the 
degree  of  plasticity  of  tlie  soil  as  indicated  by  the  sand 
achiiixture." 

Consequently,  he  suggested  that  the  difference  in 
these  limits,  or  the  plastic  range,  exjiresses  numerically 
the  plasticity  of  a  chiy  mixture  and  therefore  may  serve 
as  a  basis  for  classification. 


PROCEDURES  FOR   nKTERMIMN<;   THE   PLASTIC   AND  SHRINKAGE 
LIMITS  IN  THIS  INVESTIGATION 

Tlie  procedure  used  in  determining  the  plastic  limit 
is  essentially  that  previously  described  in  Public 
Roads  (9).  Excejit  for  the  additional  requirement  ^ 
that  the  threads  should  be  rolled  out  to  a  thickness  of 

'  There  is  no  well-defined  limit  between  the  state  of  viscous  flow  and  that  of  plas- 
tic flow.  K  valuable  study  on  this  subject  is  furnished  by  B.  A.  Keen  and  G.  W. 
t^cott  Blair  (7). 

5  The  sticky  and  the  cohesion  limits  are  not  discussed  in  this  report.  With  respect 
to  the  former,  however,  it  should  lie  noted  that  "the  sticky  limit  corresponds  to  the 
'standard  consistency'  in  the  ceramic  industry.  Low  sticky  limit  makes  the  working 
of  the  clay  more  ditlicult  in  at;riculture,  as  well  as  in  industry.  The  relative  position 
of  the  sticky  limit  is  increased  by  the  addition  of  sand  in  large  amounts,  or  organic 
matter  in  small  amounts." 

«  The  plasticity  index,  however,  does  not  necessarily  indicate  the  plasticity  of  ce- 
ramic materials  as  disclosed  by  the  direct  methods  of  measurements  involving  the 
three  variables,  force,  sha[ie,  and  time.    See  Searle  (5),  p.  272. 

'  This  refiuirement  was  introduced  by  I'rofes.sor  Terzaghi  Ci,  8)  who  foimd  that  the 
water  content  at  which  threads  will  start  to  crumble  is  also  del  endcnt  upon  the  diam- 
eter of  tlie  threads. 
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one-eighth  of  an  inch  (3  inilUmeters),  this  is  Atterberg's 
original  procedure.  The  procedure  being  used  in  the 
routine  testing  of  subgrade  soils  at  the  Arlington,  Va., 
laboratories  for  determining  the  shrinkage  limit  is  de- 
scribed in  the  October  1931  issue  of  Public  Roads  (9). 
Except  in  the  preparation  of  the  soil  sample,  the  pro- 
cedure used  by  the  writer  is  similar  to  the  Arlington  pro- 
cedure, calculating  the  shrinkage  hmit  according  to  the 
"optional  methods." 

In  the  Arlington  procedure  the  sample  is  molded  from 
a  paste  consisting  of  dried  soil  powder  mixed  with  water 
in  amount  slightly  above  the  liquid  Umit. 

In  the  writer's  procedure  the  soil  sample  was  kneaded 
mto  the  shape  of  a  disk  slightly  above  the  plastic  hmit, 
thus  conforming  more  closely  to  the  Atterberg  defini- 
tion. Dried  compression  test  samples  were  used  for  the 
shrinkage  limit  determination. 

The  volume  of  the  dried  sample  was  determined 
by  dividing  the  weight  of  the  displaced  mercury  hj  its 
specific  gravity. 

The  computation  of  the  shrinkage  limit  according  to 
the  optional  method  as  published  in  Public  Roads  (9) 
makes  use  of  the  formula 


S- 


{n-^y 


XlOO 


in  which 

»S'  =  shrinkage  limit 

2?  =  the  apparent  specific  gravity  of  the  dried 
soil  cake 
^Wj,  the  weight  of  the  dried  soil  cake 
Vo        divided  by  its  volume. 
6^=  the  true  specific  gravity  of  the  soil  particles. 
The  shrinkage  limit  of  soil  fragments  dried  in  the  un- 
disturbed state  may  also  be  calculated  by  means  of  this 
formula. 

MECHANICAL  DEVICE  FOR  MAKING  THE  LIQUID  LIMIT  TEST 

The  liqiud  limit  device  designed  to  perform  the 
liquid  limit  test  mechanically  in  accordance  with 
Atterberg's  definition  is  illustrated  by  the  photograph. 
Figure  2,  and  the  drawing,  Figure  3.  It  consists  of 
a  brass  cup  and  carriage  and  a  grooving  tool. 

Attached  to  the  brass  cup,  C,  is  a  handle,  D,  so 
shaped  that  it  serves  first  as  a  hook  which  allows  the 
cup  to  turn  around  a  pin,  P,  and  second,  as  a  cam 
follower.  By  means  of  a  cam,  E,  turned  b^?^  a  crank, 
F,  the  cup  is  lifted  to  a  specified  height  and  dropped 
upon  a  polished  base  block,  G,  of  hard  rubber  of  quality 
which  can  be  machined.  The  height  to  which  the  cup 
is  lifted  is  adjusted  by  means  of  an  adjustment  plate,  H, 
carrying  the  pin,  P,  and  held  in  place  by  two  screws,  I. 

This  adjustment — to  the  height  of  1  centimeter  in 
the  present  instance — was  the  only  calibration  required 
and  was  made  within  an  accuracy  of  ±  0.2  millimeter. 
It  was  accomplished  by  means  of  a  metal  strip  or  gauge 
with  a  height  of  exactly  1.00  centimeter  and  strictly 
straight  and  parallel  edges.  The  procedure  for  making 
this  calibration  was  as  follows. 

The  point  where  the  cup  came  in  contact  with  the 
base,  which  appeared  as  a  small  shiny  spot  on  the  cup 
after  it  dropped  a  number  of  times,  was  located.  Then 
the  adjustment  plate  was  fixed  in  such  a  position  that 
the  height  of  drop  was  approximately  1  centimeter  and 
the  crank  turned  so  that  the  cup  reached  its  maximum 
height.  In  tliis  position  the  sliiny  spot  referred  to 
before  was  readily  observed,  although  a  flash  light  was 
of  appreciable  assistance  in  tliis  respect.  The  gauge 
was  then  placed  with  one  side  upon  the  base  in  such 


Figure  2. — Mechanical  Device  for  Making  the  Liquid 
Limit  Test 

a  manner  that  the  height  of  its  top  side  could  be  com- 
pared with  the  height  of  the  shiny  spot  on  the  cup. 
The  adjustment  plate  was  then  loosened  and  tightened 
at  other  positions  successively  until  the  height  of  the 
spot  was  equal  to  that  of  the  top  side  of  the  gauge. 
The  screws  of  the  adjustment  plate  were  now  tightened 
so  as  to  make  it  impossible  to  unscrew  them  by  hand. 


Figure  3. — Construction  Details  of  Liquid  Limit  Device 

In  Figure  4  it  can  be  seen  that  the  height  of  drop 
(Aa)  of  point  Ai  is  greater  than  the  height  of  drop 
(Ab)  of  the  tangent  to  the  lowest  point  B  above  the 
base.  The  dift'erence  (A/i)  is  dependent  upon  the 
relative  position  of  points  R,  A,  and  C 

Had  the  device  been  designed  so  that  no  calibration 
were  possible  the  whole  apparatus  would  have  required 
the  type  of  very  accurate  workmanship  furnished  only 
by  those  specializing  in  the  construction  of  scientific 
apparatus.  In  the  design  described  above,  however, 
the  few  dimensions  (see  fig.  3)  specified,  required  only 
the  ordinary  accuracy  furnished  by  any  good  workshop. 

The  grooving  tool  is  made  of  tool  steel  to  the  dimen- 
sions shown  in  Figure  3  and  hardened  after  the  dimen- 
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Figure  4. — Height  Adjustment 
ON  Liquid  Limit  Device 

sions  are  checked.  The  dimensions  of  the  groove 
exert  an  important  influence  on  the  outcome  of  the 
tests.  Therefore,  those  dimensions  of  the  grooving 
tool  which  control  the  cross-section  of  the  groove  had 
to  be  made  with  precision.  They  are  the  width  of 
the  top,  11.0  millimeters;  the  nddth  of  the  bottom, 
2.0  miUimeters;  and  the  height,  8.0  millimeters.* 

THE  FLOW  CURVE  AND  ITS  PHYSICAL  SIGNIFICANCE 

Instead  of  giving  the  liquid  limit  directly,  tests  per- 
formed with  the  mechanical  device  just  described  dis- 
close the  number  of  blows  required  to  close  the  groove 
in  soils  at  different  moisture  contents.  The  curve  rep- 
resenting the  relation  between  water  content  and  num- 
ber of  blows  is  called  the  flow  curve. 

The  flow  curves  are  similar  in  character  to  the  voids 
ratio-pressure  curves  as  determined  by  means  of  con- 
fined compression  tests  (  (8,  10)  and  Figures  16  and  17). 

They  may  be  represented  by  the  following  equation 

'W=-F.  log  N+C (1) 

in  which 

w  =  moisture  content  in  per  cent  of  weight  of 

dry  soil 
i^=  constant,  called  "flow  index" 
A''= number  of  blows 
0=  constant 

According  to  equation  1  the  semilogarithmic  plots  of 
the  flow  curves  with  the  water  content  on  the  arith- 
metic scale  and  the  number  of  blows  on  the  logarithmic 
scale  are  straight  lines.  Plotting  the  flow  curves  in  this 
manner  is  advantageous  in  several  respects. 

The  flow  curves  can  be  drawn  from  a  few  reliable 
points;  mistakes  can  be  detected  much  more  easily  on 
the  straight-line  semilog  than  on  the  curved-line  arith- 
metic plot;  and  finally,  the  flow  index,  F,  is  in  this 
manner  defined  as  minus  the  slope  of  the  semilog  plot. 
This  equals  the  range  in  moisture  content  corresponding 
to  the  number  of  blows  represented  by  one  cycle  on  the 
logarithmic  scale.  Under  ordinary  conditions  of  test 
it  is  convenient  to  take  the  variation  in  moisture  con- 
tent corresponding  to  the  cycle  between  10  and  100 
blows  as  the  flow  index. 

Figures  5  and  6  show  the  flow  curves  of  a  number  of 
soils.  For  the  majority  of  soils,  the  points  fall  very  close 
to  straight  lines.  For  some  soils  the  points  are  scattered 
over  a  \\'ider  strip,  although  the  best  curves  through 
them  are  straight  lines.  The  scattering  of  points  shown 
in  the  case  of  soils  7-0-2  and  49-1-1  is  due  to  the  fact 
that  these  fat  clays  are  extremely  difficult  to  mix  into 
a  uniform  paste  with  their  natural  water  content.  The 
points  of  the  flow  curve  of  soil  1-93-1,  dried  once,  are 
scattered  on  account  of  the  very  dry  air  in  which  these 
tests  were  run. 

•  According  to  the  bureau's  investigation  at  its  suligraile  laboratory  in  Wasliington 
the  tool  described  here  and  the  one  described  in  the  Bureau's  procedures  (9)  may 
serve  equally  well  in  tests  performed  on  plastic  soils,  and  the  latter  seems  to  bo 
especially  desirable  for  tests  on  the  nonplastic  soils. 


NUMBER     OF     SLOWS 

Figure  5. — Examples  of  Flow  Curves 

In  order  to  imderstand  the  physical  significance  of 
the  flow  curve  and  its  dependent  constants,  one  should 
remember  that  the  force  resisting  the  deformation  of  the 
sides  of  the  groove  is  the  shearing  resistance  of  the  soil. 
Hence,  the  number  of  blows  required  to  close  the  groove 
of  a  soil  paste  represents  a  relative  measure  of  the 
shearing  resistance  of  this  soil  at  this  water  content. 
It  follows  that  the  shearing  resistance  of  all  soils  at  the 
liquid  limit  must  have  a  constant  value  (6). 

This  shearing  resistance,  as  indicated  by  a  great 
number  of  comparisons  of  liquid  limits  determined  by 
hand  by  different  operators,  and  the  results  of  the  tests 
which  the  mechanical  device  willi  h  height  of  drop  of 


124 


PUBLIC    ROADS 


Vol.  13,  No.  8 


NUMBER     OF     BLOWS 

Figure  6. — Examples  of  Flow  Curves 

one  centimeter  equals  that  possessed  by  the  soil  when 
requiring  25  blows  to  close  the  groove. 

The  shearing  resistance  of  a  given  soil  at  the  plastic 
limit  may  be  many  times  that  of  the  same  soil  at  the 
liquid  limit.  There  is  also  a  wide  variation  in  the  shear- 
ing resistance  of  different  soils  at  the  plastic  limit.  This 
difference  may  be  felt  by  hand  when  performing  the 
plastic  limit  test  on  various  soils.  For  clays  this  differ- 
ence is  commonly  expressed  as  difference  in  toughness. 
The  toughness  of  a  clay  at  its  plastic  limit  may  there- 
fore be  described  as  the  maximum  stiffness  or  shearing 
resistance  which  it  can  acquire  without  losing  its  plas- 
dcity.  Hence,  the  shearing  strength  at  the  plastic 
limit  may  be  considered  a  measure  of  the  toughness  of 
a  clay. 

The  flow  index  may  be  used  as  an  approximate  cri- 
terion for  the  relative  magnitude  of  the  shearing  resist- 
ance of  different  soils  at  the  plastic  limit.  In  order  to 
illustrate  this  relationship  let  us  consider  two  soils  with 
the  same  plasticity  indices  but  different  flow  indices. 
The  flow  curves  of  these  soils  are  shown  in  Figure  7. 
When  the  water  content  is  reduced  from  the  liquid 
limit  by  the  same  amount  Aw,  the  increase  (AN)  in 
number  of  blows  required  to  close  the  groove,  will  be 
smaller  for  the  steeper  flow  curve. 

Therefore,  in  Figure  7,  ANb  is  greater  than  AN  a,  and 
the  increase  in  number  of  blows  is  also  a  measure  of 
the  increase  in  shearing  resistance.  Hence,  soil  B  will 
increase  its  shearing  resistance  at  a  faster  rate  when 
subjected  to  drying  than  soil  A. 

The  number  of  blows,  A^,  may  be  regarded  as  repre- 
senting a  force  equal  to  A^  times  the  force  exerted  in 
the  application  of  a  single  blow.  The  shearing  resist- 
ance of  a  soil,  however  it  may  be  measured,  is  obviously 
proportional  to  the  force  required  to  produce  a  given 
deformation  (in  this  case  the  closing  of  the  groove).    It 


follows  that  A^,  in  equation  1,  may  be  taken  as  propor- 
tional to  s,  the  shearing  resistance  of  the  soil;  and  we 
may  write 

W=-F\ogs  +  C (2) 

If  «  were  expressed  in  physical  units  the  value  of  the 
constant  C  would  be  dift'erent  from  that  in  equation  1. 
Otherwise  the  equation  would  be  unchanged. 

This  relation  is  also  correct  in  the  range  near  the 
plastic  limit  according  to  investigations  by  Terzaghi 
and  Janicsek.  (See  (11)  p.  560.)  Hence,  we  may 
assume  that  in  the  whole  range  between  the  liquid  and 
the  plastic  limit  the  relation  between  shearing  resist- 
ance and  water  content,  on  a  semilogaritlinnc  plot,  is 
represented  by  a  straight  linc.^ 

It  should  be  noted  that  the  term  "flow  curve,"  as 
used  in  this  report,  re])resents  the  relation  between  the 
shearing  resistance  (measured  indirectly  by  means  of 
number  of  blows)  and  the  water  content.  In  some 
publications  on  the  subject  of  viscous  and  plastic  flow 
the  term  "flow  curve"  is  applied  to  the  graphical  repre- 
sentation of  the  relation  between  velocity  (or  quantity) 
and  pressure  for  a  fluid  at  a  constant  temperature,  i.  e.,  in 
the  case  of  soil,  for  a  paste  with  a  constant  water  content. 


^ 

A 

i 

\ 

^w 

B 

^ 

1 

s.        -SOIL  "a" 

1 

AW 

/Vb  -i 

^^^-^^     -SOIL    "b" 

^=NUMBEF1     OF     BLOWS 

LOG  -SCALE 

OR     5=  SHEARING    RESISTANCE 


Figure  7. — Diagram  Illustrating  Rela- 
tion OF  Flow  Curve  and  Shearing 
Resistance 

Assuming  that  the  soils  A  and  B  in  Figure  7  have  the 
same  plasticity  indices  and  that  this  value  is  represented 
by  (Aw),  we  draw  the  following  conclusions: 

The  shearing  resistance  at  the  plastic  Uinit  of  soils 
ha\'ing  the  same  plasticit}^  indices  is  inversely  propor- 
tional to  the  flow  index.  The  shearing  resistance  at 
the  plastic  limit  of  soils  having  the  same  flow  index 
but  a  different  plasticity  index  is  proportional  to  the 
plasticity  index.  Soils  havang  the  same  plasticity  and 
flow  indices  are,  from  the  standpoint  of  shearing  re- 
sistance in  remolded  state,  alike. 

In  order  to  classify  clays  according  to  their  toughness 
it  would  be  necessary  to  determine  the  shearing  resist- 
ance at  the  plastic  limit  by  means  of  a  direct  shearing 
test  or  an  unconfined  compression  test.  An  approxi- 
mate measure  for  this  quantity  can  be  derived  from 
equation  2  and  Figure  7,  using  the  following  symbols- 

i  =  liquid  limit 

P  =  plastic  limit 

1  =  L  —  P  =  plasticity  index 

7^  =  flow  index 

Si  =  shearing  resistance  corresponding  to  the  liquid 
limit  =  constant  for  all  soils 


»  Investigations  by  B.  A.  Keen  and  G.  W.  .Scott  Blair  (7)  have  yielded  a  relationship 
between  the  water  content  and  the  shearing  resistance  ("static  rigidity")  which  ap- 
pears similar  to  the  Dow  curves  of  Figures  5  and  6  when  plotted  on  arithmetic  graph 
paper. 
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§2  =  shearing  resistance  corresponding  to  tlic  plastic 

limit  =  toughness 
Then  T,  the  index  of  toughness  at  the  plastic  limit, 
is  derived  as  follows: 
Z  =  -  /Mog  Si  +  C 
P=  ~F  log  s.>  +  C 
L~P  =  I-^F  (log  s.  -  log  .si ) . 


^^t  =  J=T- 


(3) 

Instead  of  solving  eciuation  ?>  for  .^'^  it  is  simpler  to 
use  the  logarithm  of  the  ratio  between  the  toughness 
8-2  and  the  constant  s^  as  a  relative  measure  for  tlie 
toughness  which  we  define  tentatively  as  toughness 
index  T.  According  to  equation  3  this  index  Tis  equal 
to  the  ratio  of  the  ])lasticity  index  and  the  flow  index. 

The  relative  magnitude  of  toughness  indices  shown 
in  Table  1  agrees  well  with  the  general  charactei-  of 
these  soils.  ^Samples  Nos.  7-0-2,  24-2-1,  31  0-1, 
33-0-6,  44-A-l,  and  55-1-1  represent  tough  clays. 
Soils  which  are  friable  at  the  plastic  limit  aie  the  silt 
No.  1-93-1,  when  oven-dried,  the  kaolin  No.  51-1-1, 
and  especially  the  niica  powder. 

It  may  be  concluded  from  this  discussion  that 
Atterberg's  liquid  and  plastic  limit  values,  supple- 
mented by  the  flow  index,  reflect  the  shearing  resist- 
ance of  a  plastic  soil  in  remolded  state  at  diflerent 
water  contents. 


Table  1. —  T 

'  allies 

obtaii 

rd  from  Alt 

erberg 

tests 

Soil  No. 

State  of 
soil 

Liquid 
limit 

Flow 
iiide.v: 

Pl;istic 
limit 

Plastic 
inde.x 

Shrink- 
age 
limit 

Tough- 
ness 
index 

Organic 
carbon 
content 

Per 

Per 

Per 

I'er 

Per 

cent 

cent 

cent 

cent 

cent 

1-93-1 

Natural 

54.7 

11. s 

32.7 

22.0 

28.7 

1.86 

2.4K 

1-93-1-.- 

Dried  once.. 

39.0 

S.  8 

29.  2 

9.8 

1.  U 

1-93-1 

Dried  twice. 

34.9 

N.  2 

27.5 

7.4 

0.90 

7-0-2.. 

Natural 

Natur.U 

Dried  once.. 
Natural 

60.  fi 
84.0 
51.0 
75.4 

19.  I 

IS.  8 

19.5 

23.  7 
49.5 
42.0 
.30.8 

36,  9 

34.5 

9.0 

44.6 

13.3 
45.0 

"i.3."o 

1.93 
1.84 

'"'2.' 29" 

0 

8-0-1 

2.  60 

8-0-1..   

24-2-1 

0 

30-1-2H-7 

Natural 

33.8 

.8.0 

21.6 

12.2 

17.3 

1.52 

0 

31-0-1 

Natural 

3.S.  0 

6.5 

21.9 

16.  1 

20.4 

2.48 

0.  65 

32-2-1 

Natural 

70.8 

17.5 

28.3 

42.5 

16.  7 

2.  43 

2.00 

32-2-1 

Dried  once.. 

52.  1 

10.7 

25.  5 

26.6 

2.48 

33-0-5 --. 

Natural 

45.  3 

S.  9 

28.5 

16.8 

30.6 

1.89 

33-0-6 

Natural 

60.  8 

7.  7 

40.  1 

20.7 

38.8 

2.69 

44-.V-1 

Natural 

45.6 

9,6 

25.2 

20.4 

2.12 

0 

46-7-1 - 

.'Vir  drv 

40.  1 

6.  2 

23.2 

16.  9 

9.6 

2.  72 

0 

49-1-1 

Natural 

37.5 

9.9 

21.8 

15.7 

16.8 

L.W 

0 

51-1-1 

.\ir  dry 

54.  6 

13.  9 

33.5 

21.1 

29.8 

1.52 

0 

55-1-1 

Natural 

60.  3 

16.7 

26.0 

34.3 

21.  5 

2.05 

0 

55-1-1 

Dried  once-- 

50.7 

9.7 

24.4 

26.3 

21.5 

2.71 

0 

Ground  mica 

powder  ' 

76.6 

32.0 

55.6 

21.0 

0.77 

1  See  fig.  12. 

For  nonplastic  soils,  this  relation  is  i)robably  not 
so  well  defined  or  may  even  be  nonexistant  on  account 
of  the  higher  permeability  of  the  soil  which  causes 
flow  of  water  toward  the  groove  under  the  influence 
of  the  blows.  These  sudden  volume  changes  and  the 
hydrodynamic  friction  (lOj  which  replaces  the  actual 
shearing  resistance  of  the  soil  obscure  the  physical 
significance  of  the  licpiid  limit  of  nonplastic  soils. 

PROCEDURE  FOR  DETERMINING  THE  LIQUID  UMIT  AND  THE  FLOW 

INDEX 

The  liquid  limit  was  determined  for  soils  in  both  their 
original  wet  state  and  in  the  dried  and  powdered  state. 
In  botli  cases  a  cpiantity  of  about  100  to  200  grams 
was  thorouglily  mixed  and  then  worked  up  with 
distilled  water,  a  spatula  being  used  as  a  mixing  tool, 
to  a  soil  paste  at  approximately  the  liquid  limit. 

A  small  amount  of  this  paste  was  then  placed  in  the 
cup  and  smoothed  off,  as  shown  in  Figure  2.  The 
grooving  tool,  held  perpendicularly  to  the  point  of 
contact,  as  shown  in  Figure  8,  was  drawn  through  the 


sample  along  the  diameter  through  tlie  center  line  of 
the  cam  follower.  This  was  accomplisluHl  best  by  hold- 
ing the  cup  in  the  left  hand  with  the  cam  follower 
turned  uj)ward  and  away  from  the  body.  The  grooving 
tool  was  held  with  the  I'ounded  edge  toward  the  body 
and  in  contact  with  the  sam])le.  The  groove  was  formed 
by  drawing  the  tool  away  from  the  cam  follower. 


Figure  8. — Lon'gitudi.\.\l  iSkction  Through 
Center  of  Groove,  Showing  Grooving 
Tool 

With  clays,  a  clean  groove  could  generally  be  made 
with  one  stroke.  Nonuniformity  of  the  mixture,  how- 
ever, or  sometimes  the  presence  of  coarse  soil  grains, 
tended  to  cause  the  sides  of  the  cut  to  become  scratched 
or  torn  locally.  In  such  cases  the  sample  had  to  be 
mixed  and  grooved  again. 

With  some  soils,  especially  sandy  soils  and  soils  con- 
taining organic  matter,  it  was  not  possible  to  draw  the 
grooving  tool  through  the  sample  without  tearing  the 
sides  of  the  groove.  In  such  cases  the  groove  had  to  be 
worked  out  gradually.  When  the  test  was  run  on  sands 
it  was  necessary  to  form  the  groove  by  means  of  a 
spatula  and  to  use  the  grooving  tool  merely  for  checldng 
the  dimensions  of  the  groove. 

As  soon  as  a  satisfactory  groove  had  been  made,  the 
cup  was  placed  on  its  carriage  in  the  apparatus  and  the 
device  was  placed  on  a  horizontal  bed  of  shock  ab- 
sorbent material  such  as  a  layer  of  magazines.  The 
purpose  of  this  bed  was  to  insure  a  constant  mass, 
namely,  that  of  the  hard  rul)ber  block,  against  which 
the  cup  would  strike  during  the  test.  Had  the  appar- 
atus been  laid  on  a  table  or  clamped  to  it,  the  elastic 
properties  of  the  mass  upon  which  the  cup  fell  would 
have  been  subject  to  change.  Although  the  influence 
of  this  change  upon  the  resulting  impacts  was  found  to 
be  small,  it  was  measurable  and  therefore,  its  eliminatiou 
by  the  above  means  seemed  desirable. 

With  the  crank  turning  at  the  rate  of  about  two  rota- 
tions per  second,  the  number  of  blows  required  to  cause 
the  two  sides  of  the  sami)le  to  come  into  contact  at  the 
bottom  of  the  groove  along  a  distance  of  al)oiit  half  an 
inch  were  recorded. 

This  operation  of  mixing,  grooving,  and  recording 
the  number  of  blows  required  to  close  the  cut  was  re- 
peated until  a  close  agreement  was  observed  in  the 
number  of  blows  required  in  three  successive  deter- 
minations. Generally,  not  more  than  three  determina- 
tions were  required  on  humid  days.  Because  of  the 
slow  evaporaticm  in  such  cases  the  variation  in  the 
number  of  blows  of  all  three  determinations  on  a  care- 
fully mixed  sample  was  not  larger  than   two  blows. 
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Greater  differences  on  humid  days  were  attributed  to 
nonuniforniity  of  the  sample.  In  such  cases  the  deter- 
mination of  the  number  of  required  blows  was  repeated 
until  the  sample  was  mixed  sufficiently  to  give  con- 
sistent results.  The  average  number  of  blows  for  the 
last  three  determinations  was  then  considered  as  the 
correct  value. 

The  effect  of  evaporation  on  diy  days  caused  a  reg- 
ular and  gradual  increase  in  the  number  of  blows  re- 
quired in  successive  determinations.  In  such  cases  the 
last  one  of  at  least  three  determinations  was  used, 
provided  the  values  formed  a  fairly  regular  increasing 
series.  However,  there  was  always  an  uncertainty  con- 
nected with  the  test  when  performed  in  very  dry  air. 

As  soon  as  the  number  of  blows  had  been  determined 
with  sufficient  accuracy,  about  10  grams  of  the  sample 
were  transferred  into  a  pair  of  watch  glasses  and 
weighed  for  moisture  determination.  Part  of  the  sam- 
ple around  the  closed  groove  was  selected  for  this 
purpose  in  order  to  reduce  the  error  due  to  nonuni- 
forniity of  the  sample. 

The  above  operations  were  repeated  at  a  sufficient 
number  (at  least  five)  of  dift'erent  moisture  contents  to 
furnish  the  data  required  for  the  flow  curve.  After  each 
moisture-content  determination  a  small  quantity  of  the 
original  soil  mixture  was  put  into  the  brass  cup  to  replace 
that  part  removed  into  the  watch  glasses  and  the  test 
performed  at  another  moisture  content. 

Since  the  moisture  content  corresponding  to  25  blows 
equals  the  liquid  limit  as  performed  by  hand,  it  was 
deemed  desirable  when  determining  the  liquid  limit 
with  the  device,  to  use  trial  water  contents  until  the 
consistency  of  the  sample  was  such  that  the  required 
number  of  blows  ranged  between  20  and  30.  Until 
this  consistency  was  reached  no  moisture  content 
determinations  were  made.  After  it  Mas  reached  but 
three  determinations  were  made.  Depending  on 
whether  the  first  sample  required  less  than  25  or 
more  than  25  blows,  the  water  content  of  the  second 
determination  was  decreased  or  increased.  For  the 
third  test  the  water  content  was  changed  again  in 
such  a  manner  that  the  three  points  wliich  determine 
the  flow  curve  (water  content  against  number  of  blows, 
see  fig.  9)  lie  in  the  vicinity  of  the  25-blow  ordinate. 
The  intersection  of  the  flow  curve  with  this  ordinate 
corresponds  to  the  liquid  limit. 

Table  2  is  selected  at  random  from  the  laboratory 
records  of  the  writer  to  serve  as  an  example  for  liquid- 
limit  determinations  by  means  of  the  device.  The 
results  of  these  tests  are  shown  in  Figure  9. 

Sample  No.  30-1-2H-7  in  Table  2  was  tested  on  a 
very  humid  day.  The  first  determination  showed, 
nevertheless,  irregularities  in  the  number  of  blows. 

Table  2. — Data  sheet  for  representative  liqvid  limit  determinations 
made  on  soil  No.  30-1-2H-7  with  the  mechanical  device  on  a 
humid  day 


Number  of  blows,  or  state  of  soil 


Watch  glasses  No _ 

Weight  wet,  W\,  grams 

Weight  dry,  It's,  grams. 

Weight  glasses,  Ws,  grams 

W1-W2 

W1-W3 

«'=TTwraX100 


25,   30, 
32,  32 


J 

38.71 

36.30 

28.99 

2.41 

7.31 

33.0 


21,   23, 
22 


H 

36.25 

33.75 

26.46 

2.50 

7.29 

34.3 


24,   26, 
26 


B 

36.98 
33.49 
23.09 
3.49 
10.40 

33.6 


At  plastic  limit 


V 
30.  987 
30.  180 
26.  443 
0.807 
3.737 

21.6 


U 

25.  354 
24.613 
21.184 
0.741 
3.429 

21.6 


Liquid  limit:  L=33.7  per  cent. 


\ 

\ 

LJQUID 

LIMIT 

\^                              33 

7% 

- 

A  detailed  analysis  of  the  causes  of  such  irregularities 
and  of  the  influence  of  different  variables  upon  the 


NUMBER     OF     BLOWS 

Figure  9. — Flow  Curve  for  Soil  30-1-2H-7 

accuracy  of  the  determinations  are  treated  later  in  this 
report. 

In  Table  2,  the  Figures  25,  30,  32,  and  32  represent 
the  number  of  blows  of  successive  trials  for  the  same 
sample  (watch  glasses  J).  The  large  diflerence  between 
the  first  trial,  25,  and  the  second  trial,  30,  indicates 
that  the  sample  was  not  mixed  sufficiently.  The  third 
attempt  required  32  blows.  The  agreement  between 
the  second  and  the  third  attempt  was  considered  suffi- 
cient. The  correct  value  could  have  been  taken  as 
either  the  average,  31,  or  the  last  value,  32.  In  this 
case  the  consistency  was  checked  a  fourth  time  and  the 
result,  32,  was  taken  as  representing  the  correct  number 
of  blows. 

In  the  second  determination  of  the  consistency 
(watch  glasses  H)  the  number  of  blows  of  three  succes- 
sive trials  was  21,  23,  and  22.  The  last  number  was 
used  for  plotting  the  flow  curve. 

The  third  determination  of  the  consistency  (watch 
glasses  B)  gave  the  following  three  values,  24,  26,  and 
26. 

Those  numbers  used  for  plotting  the  flow  curve  are 
shown  in  boldface  type. 

Table  3. — Data  sheet  for  representative  liquid  limit  deter niinations 
made  on  soil  No.  Jf9~l-1  ivith  the  mechanical  device  on  a  dry 
day.     Soil  was  dried  twice 


Number  of  blows 


Watch  glasses  No 

Weight  wet,  TVi,  grams 

Weight  dry,  W2,  grams 

Weight  glasses,  U's,  grams 

Wi-Wz 

W2-Wi.. 

W1-W2 

«'=BVni^3^100 


18,  22, 

25,  23, 

15,  16, 

27,30 

31,35 

17,18 

E 

A 

G 

41.19 

46.62 

53.49 

39.02 

43.71 

50.49 

33.04 

35.45 

42.46 

2.17 

2.91 

3.00 

5.98 

8.26 

8.03 

36.3 

35.2 

37.4 

21,  22, 
25,27 


H 

45.35 
42.57 
35.03 

2.78 
7.54 

36.8 


The  effect  of  the  humidity  can  be  seen  by  comparing 
Table  2  with  Table  3.  In  the  first  case  the  variations 
in  the  numbers  are  small  and  chiefly  due  to  inconsisten- 
cies in  the  mixture.  In  Table  3  each  number  is  some- 
what larger  than  the  previous  one.  The  first  consist- 
ency determination  gave  the  follo^-ing  numbers:  18, 
22,  27,  and  30.  There  is  sufficient  regularity  in  the 
increase  of  the  series  to  warrant  the  assumption  that  30 
blows  represent  the  consistency  of  the  sample  when 
placed  in  the  watch  glasses. 

FACTORS  INFLUENCING  THE  ACCURACY  OF  THE  DETERMINATIONS 

Among  the  factors  investigated  in  this  connection 
were:  (a)  Uniformity  of  mixture;  (6)  degree  of  drying 
the  sample;  (c)  humidity  of  air  at  the  time  of  test;  (d) 
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Figure    10. — Relatiox   Between   LiciUId   Limits   and   Plasticity  Indices 


temperature  at  the  time  of  test;  (e)  accuracy  of  the 
height  of  drop  and  of  dimensions  of  grooving  tool;  (/) 
weight  of  cup  and  quantity  of  soil  used;  {g)  cleanliness 
of  apparatus  and  wear  on  the  points  of  contact  between 
base  and  cup;  (A)  soil  character. 

(a)  Unijormity  oj  mixture. — It  was  especially  difficult 
to  obtain  a  uniform  mixture  when  the  test  was  started 
from  the  original  state.  Samples  of  very  uniform  clay 
deposits  were  found  to  consist  of  L\yers  with  difl'erent 
physical  characteristics,  resulting  probably  from  varia- 
tions in  the  formative  sedimentation  processes.  In- 
crease in  the  colloidal  content  of  soils  tends  to  increase 
the  difficulty  of  obtaining  uniform  mixtures.  In  such 
cases  the  sides  of  the  grooves  were  likely  to  contain 
streaks  of  soil  whose  true  cohesion  had  not  been  entirely 
broken  up.  This  condition  appeared  to  be  the  cause  of 
irregularities  in  the  number  of  blows  required  to  close 
the  cut  in  successive  trials,  as  well  as  a  scattering  of  the 
points  on  the  flow  curve,  as  shown  in  the  case  of  soil 
7-0-2  (fig.  5)  and  soil  49-1-1  (fig.  6). 

(b)  Degree  of  drying  the  sample. — Flow  curves  deter- 
mined for  soils  in  the  dried  and  powdered  state  will  give 
very  consistent  results  because  the  powder  can  be  mixed 
more  thoroughly  than  the  natural  wet  soil.  Drying 
soils,  however,  may  cause  a  slight  drop  in  the  liquid  and 
plastic  limits.  Oven  drying  of  some  soils  may  cause  a 
very  appreciable  drop  in  the  limits  and  for  this  reason 
soils  are  air  dried  in  the  routine  subgrade  tests. 

This  drop  is  especially  important  in  the  case  of  soils 
containing  organic  matter.  Their  liquid  and  plastic 
limits  change  somewhat  when  exposed  to  air  and  con- 
siderably when  they  are  oven  dried.  In  Table  1  exam- 
ples of  this  kind  are  represented  by  an  organic  clay  soil 
from  Turkey  (No.  32-2-1),  an  organic  silt  from  Cam- 
bridge, Mass.  (No.  1-93-1),  and  an  organic  clay  from 
New  London,  Conn.  (No.  8-0-1). 

The  drop  of  plastic  and  liquid  limit  due  to  drying  is 
represented  graphically  in  Figure  10.  It  will  be  noticed 
that  the  drop  occurs  along  approximateh^  parallel  lines. 
The  trend  of  these  lines  is  the  same  as  that  of  tlie  very 
flat  curve  representing  the  relation  between  liciuid  limit 


and  plasticity  index  for  average  inorganic  clay  soils  of 
glacial  origin,  shown  in  Figure  10  as  a  dot-dash  curve. 

The  plastic  and  liciuid  limits  of  most  inorganic  clay 
soils  display  slight  decreases  after  drying.  However, 
this  drop  is  very  small,  and  it  was  found  that  by  satu- 
rating the  soil  for  several  days  the  original  plasticity 
could  often  be  restored.  The  only  inorganic  clay  soil 
for  which  the  plasticity  decreased  an  appreciable 
amount  as  a  result  of  oven-drying  is  soil  No.  55-1-1,  a 
marine  clay  deposit  from  the  St.  Lawrence  River  Valley, 
Quebec.  From  the  grapliical  representation  in  Figure 
10  it  can  be  seen  that  this  decrease  is  only  about  one-half 
of  the  decrease  observed  for  the  three  soils  with  organic 
content. 

Apparently  the  cause  of  this  phenomenon  is  the  bak- 
ing together  of  the  grains  of  colloidal  size.  Most 
inorganic  colloids  seem  to  be  reversible,  while  oi'ganic 
colloids  are  partially  destroyed  even  at  temperatures  of 
105°C.  and  therefore  must  be  considered  as  irreversible. 

(c)  Humidity  of  air  at  time  of  test. — On  very  dry 
days  the  evaporation  of  moisture  from  the  sam]:)le  pro- 
ceeded fast  enough  to  make  subserpient  determinations 
of  the  number  of  blows  appear  as  a  rapidly  progressing 
series  of  numbers.  Therefore,  in  order  to  prevent  ad- 
ditional irregularities  in  this  series  on  acco\mt  of  differ- 
ences in  water  content,  the  samples  had  to  be  mixed 
quickly  and  thoroughly  after  each  trial.  In  addition 
the  mixture  which  was  used  for  test  was  protected  from 
evaporation  dining  the  test  and,  furthermore,  the  trans- 
fer from  the  tested  soil  cake  to  the  watch  glasses  was 
carried  out  as  quickly  as  possible. 

{d)  Temperature  at  time  oj  test.- — A  series  of  tests  by 
Atterberg  (Table  4),  which  were  carried  out  at  7°  and 
24°  C,  show  practically  no  effect  of  the  temperature. 
A  few  careful  tests  which  the  writer  performed  at  tem- 
peratures between  35°  and  40°  C.  showed  no  difference 
from  the  values  obtained  at  20°  C. 

(e)  Accuracy  oJ  height  of  drop  and  dimensions  oj 
grooving  tool.- — As  would  be  expected,  it  was  found  that 
the  effect  of  the  blows  varies  a])proximateIy  with  the 
square  of  the  height  of  drop,     liesults  of  the  tests  are 
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Table  4. — Effect  of  tempcraturr  on  the  liquid  and  plastic  limit 
determinations 


Soil 

Tempera- 

Liquid 

Plastic- 

ture 

limit 

limit 

Decrees  C. 

Per  cent 

Per  cent 

1 

1         7 

31.5 

25.7 

I       24 

30.5 

26.0 

2 

{      2l 

41.  fl 

25.0 

40.5 

23.8 

3 

1         7 

24.5 

18.9 

I       24 

24.4 

17.  f> 

4 

1         7 

58.8 

52.  8 

\       24 

58.9 

53.  9 

shown  in  Figure  11.  An  error  of  0.1  millimeter  in  ad- 
justment of  the  height  was  found  to  correspond  with 
a  change  of  2  per  cent  in  the  number  of  blows.  Ad- 
justing the  height  of  drop  within  an  accuracy  of  ±0.2 
millimeter  proved  satisfactory  for  ordinary  purposes. 
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Figure   11.- 


-Influence  of  Weight  of  Cup  and  Height 
OF  Drop  upon  Flow   Curves 


Test  results  indicate  that  that  dimension  of  the  groov- 
ing tool  which  determines  the  width  of  the  bottom  of 
the  groove  should  be  accurate  within  ±0.05  millimeter. 

(fj  Weigiit  of  cup  and  quantltn  of  soil  used. — Figure 
11  also  gives  the  results  of  tests  to  determine  the  effect 
of  weight  of  cup.  The  results  show  that  the  number  of 
blows  required  to  close  the  cut  increases  slightly  with 
the  weight  of  the  cup.  The  weight  of  the  standard  cup, 
including  the  cam  follower,  is  200  grams,  and  should  be 
adhered  to  within  10  grams. 

As  expected,  the  tests  show  that  the  quantity  of  soil 
has  no  appreciable  influence  on  the  test  results.  The 
quantity  should  be  large  enough  to  permit  the  cutting 
of  a  well-shaped  groove. 

(f/)  Cleanness  of  apparatus  and  wear  on  the  points  of 
contact  between,  base  and  cup. — A  drop  of  water  or  small 
quantity  of  soil,  located  at  the  point  of  contact  between 
the  cup  and  base,  will  reduce  the  effect  of  impact  to  a 
considerable  degree  and  cause  appreciable  errors.  Wear 
on  the  points  of  contact  between  base  and  cup  have 
not  been  found  to  produce  appreciable  error. 

{h)  Character  of  soil. — Difficulties  were  encountered 
in  determining  the  flow  curves  of  nonplastic  soils, 
largely  because  of  insufficient  adhesion  to  the  cup  and 
excessive  permeability,  the  latter  property  causing 
excessive  water  content  in  the  region  of  the  groove. 
Preliminary  tests  indicate  that  the  principle  of  the 
flow  table,  as  used  in  cement  and  concrete  testing, 
would  provide  a  more  suitable  apparatus  for  the  deter- 
mination of  the  flow  curves  of  nonplastic  soils  than  the 
liquid-limit  device  in  its  present  form. 


CONSIDERATIONS  IN   THE  PRACTICAL  USE  OF  THE  CONSISTENCY 

LIMITS 

In  order  to  understand  thoroughly  the  practical  use 
of  the  limit  tests,  one  should  have  some  conception  of 
(a)  the  effect  of  grain  size  and  shape  of  soil  grains  and 
(6)  the  effect  of  the  structure  on  the  plastic  properties 
of  the  soil. 

(a)  Effect  of  size  and  shape  of  grains. — The  hypothesis 
that  plasticity  and  other  important  properties  of  clay 
are  caused  by  the  presence  of  scalelike  particles  was 
first  advanced  by  Voigt  in  1897.  Later,  and  independ- 
ently, other  scientists  arrived  at  the  same  conclusion. 
Relial)le  evidence  for  the  truth  of  this  assumption  was, 
for  the  first  time,  presented  by  A.  Atterberg  (12). 

Professor  Terzaghi  (10  and  11)  observed  that  clays 
have  a  much  lower  ])ermeability  than  sands  with  the 
same  equivalent  grain  diameter,  and  concluded  that  the 
volume  of  a  clay  particle  must  be  much  smaller  than 
that  of  a  bulky  grain  of  the  same  size.  This  indicates 
that  clay  particles  are  of  scalelike  shape. 

Professor  Goldsclnuidt  (13)  succeeded  in  finding  a 
satisfactory  explanation  for  the  action  of  scalelike  parti- 
cles in  soil.  He  showed  that  the  surfaces  of  scaleiike 
particles  are  charged  with  electricity  wich  aft'ects  the 
arrangement  of  the  bipolar  molecules  in  a  liquid  like 
water.  When  the  clay  powder  is  mixed  with  a  liquid 
consisting  of  molecules  which  arc  not  distinctly  bipolar 
(e.  g.  carbon  tetrachloride),  the  mixture  does  not'  acquire 
plasticity.  The  percentage  of  scalelike  particles  in 
common  clays  varies  between  10  and  30  per  cent,  of 
which  only  that  fraction  smaller  than  about  0.2  micron 
(equivalent  grain  diameter)  may  be  considered  eft'ective 
from  the  standpoint  of  plasticity. 

From  the  above  information  it  follows  that  in  most 
cases  the  grain-size  distribution  of  a  soil  docs  not  yield 
any  information  on  plasticity.  As  a  strildng  example, 
let  us  compare  the  grain-size  curves  of  a  plastic  clay, 
quartz  powder,'"  feldspar  powder, '°  and  mica  powder,'*^ 
shown  in  Figure  12. 
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Figure  12. — Grain  Size  Curves  of  Quartz,  Feldspar, 
AND  Mica  Powders,  Compared  with  a  Plastic  Clay 

The  ground  quartz  and  feldspar  consist  of  bulky  grains 
and  have  no  plasticity.  The  ground  mica  is  slightly 
plastic.  Table  5  contains  a  comparison  of  the  plasticity 
of  these  four  materials  with  the  percentage  of  grains 
smaller  than  5  microns  (clay  according  to  the  U.  S.  Bu- 
reau of  Chemistry  and  vSoils),  smaller  than  2  microns 
(clay  according  to  the  international  classification),  and 
smaller  than  0.2  micron.  The  information  contained  in 
Figure  12  and  in  Table  5  was  furnished  by  Dr.  L. 
Jurgenson." 

1"  Ground  wet  in  a  ball  mill. 

II  Research  associate,  A[assachu.setts  Institute  of  Technology. 
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Figure  13. — Comparison  of  Variation  of 
Limit  Values  and  Grai.v  Size  in  Soil 
Layers  at  Different  Depths 

Different  soil  layers  from  the  same  deposit  are  often 
related  in  character  so  that  changes  in  grain-size  distri- 


Table  5.- 


-Com  pari  son  of  grain  size  ami  plaMicilij  for  difftrcnl 
materials 


Matorial 


Boston  day,  No.  I-B-83, 

Mica  powder.- 

Quartz  powder 

Fcldsjjar  power 


Liquid 
limit 


I'cr  cevt 

.■!.'■) 

7G.fi 


I'la.s- 
ticity 
iiidc.v 


Per  cent 
iO 

21 


No  plasticity 


Le.ss 

Less 

than 

than 

h  mi- 

2 mi- 

crons 

crons 

Per  cent 

Per  cent 

MS 

■M\ 

88 

fiU 

f         94 

74 

I         95 

72 

Less 
than 
0.2 
micron 
(esti- 
mated) 

Per  cent 
12 
12 
4 
8 


bution  may  reflect  a  correspondinii  cluiii<i,'o  in  plasticity. 
An  example  is  shown  in  Figure  13. 

(6)  The  fjfect  of  the  structure  of  clay — -The  mechanical 
|)ropertics  of  clay  below  the  zone  of  weathering  and  in 
undisturbed  state  are  different  from  the  properties  of  a 
sample  which  is  thoroughly  remolded.  A  detailed  dis- 
cussion of  the  structure  of  undistui'bed  clay  is  beyond 
the  scope  of  this  report.  The  reader  is  referred  to  (15) 
and  (16).  As  an  exiiiii|)le  foi'  the  effect  which  rcMiiolding 
has  on  the  physical  properties  of  clay,  the  pressure-void 
ratio  diagrams  for  an  undisturbed  clay  and  the  same 
cliiy  remolded,  are  shown  in  Figure  14. 


PRESSURE   -  KG    PER    SQUARE     CM 


Figure  14. — Relation  Between  Pressure  and 
Voids  Ratio  in  Undisturbed  and  Remolded 
States,   for    Laurentian  Clay,    No.   56-103 

Since  the  liquid  and  plastic  limit  tests  ctiii  l)e  |)cr- 
formed  only  after  the  natural  structure  of  the  clay  is 
destroyed  by  remolding,  they  are  incapa})le  of  r(>(lecting 
any  mechanical  pro])erties  of  the  clay  in  undisturbed 
state.  Consequent!}',  at  the  licjuid  limit  a  clay  deposit 
may  have  very  apprecitible  strength,  whei'eas  the  shear 
resistance  of  the  same  soil  at  the  licpiid  limit,  remolded, 
will  be  very  small.  Some  Laurentian  clays  may  ))c  so 
rigid  at  the  licjuid  limit  that  they  can  carry  a  building 
load  of  5  tons  i)er  s(piiire  foot  without  excessive  settle- 
ment. 

In  contrast  to  the  li(piid  and  the  i)lastic  limits  it  is 
interesting  to  note  that  the  shrinkage  limit  cau  be  de- 
termined in  both  the  undisturbed  and  the  remolded 
state  (9).  The  results  may  differ  in  varying  amounts 
dejKMuling  upon  the  structure  of  the  soil.  The  differ- 
ence in  shrinkage  limits  when  determined  from  both  the 
undisturbed  and  remolded  state  may  be  es])ecially  useful 
in  estimating  rapidly  the  structural  characteristics  of 
the  material.  Tid)le  (i  illustrates  the  difference  ob- 
served between  shrinkage  limits  of  a  soil  in  the  remolded 
and  undisturbed  state  and  also  shows  that  the  j)lastic 
limit  may  be  lower  than  the  shrinkage  limit  in  the  undis- 
turbed state. 
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Table  6. —  Tests  on  samples  in  both  the  disturbed  and  the 
undisturbed  states 


Type  of  clay 

Sample  number 

Water  content  in  natural  state 

Plastic  limit  from  natural  wet  state 

Shrinkage  limit  undisturbed 

Shrinkage  limit  remolded 


Laurentian  clays 


55-1-1        56-D-l 


Per  cent 
56.2 
26.0 
34.7 
21.6 


Per  cent 
38.0 
23.0 

28.6 
20.7 


Boston 
clay 


49-1-SP 


Per  cent 
30.6 
21.5 
20.3 
16.3 


SELECTION  OF  SAMPLES  FOR  FINAL  TESTS  ILLUSTRATED 

Glacial  and  river  deposits  are  often  nonuniform,  vary- 
ing from  coarse  sands  and  gravels  to  plastic  clays.  In 
such  cases  a  great  number  of  soil  samples  must  be  taken 
from  borings  or  test  pits  in  order  to  investigate  these 
deposits  for  foundation  purposes.  For  a  rapid  classifi- 
cation of  these  samples,  to  facilitate  the  selection  of  a 
few  representative  ones  for  more  elaborate  tests  (com- 
pressibility, shearing  resistance,  etc.)  (14)  Atterberg's 
liquid  and  plastic  limit  tests  prove  very  satisfactory. 

The  distribution  of  nonplastic  silt  and  sand  layers  is 
of  utmost  importance  for  computing  the  rate  of  settle- 
ment. Even  very  fine  layers  of  more  permeable  mate- 
rial will  act  as  drains  for  water  which  is  pressed  out  of 
the  compressible  clay  layers  during  the  process  of  con- 
solidation. 

The  ability  of  the  limit  tests  to  disclose  differences 
in  soil,  visibly  the  same,  is  illustrated  by  Figure  13, 
referred  to  previously.  These  soil  samples  of  Boston 
clay  w^ere  taken  at  different  elevations  in  the  same  drill 
hole  in  an  investigation  of  building  settlement  carried 
on  under  the  supervision  of  Prof.  Glennon  Gilboy.  In 
spite  of  the  fact  that  the  samples  showed  the  clay  de- 
posit to  be  uniform  in  color  and  appearance  and  with- 
out any  stratification,  the  limit  tests  disclosed  important 
differences  in  the  different  samples. 

In  this  manner  they  facilitated  the  selection  of  sample 
for  the  determination  of  the  consolidation  character- 
istics by  means  of  confined  compression  tests  (8). 

SUMMARY 

The  foregoing  investigation  indicates  that  reliable 
results  are  to  be  expected  from  the  use  of  the  flow  curve 
apparatus  under  the  follomng  conditions: 

(1)  That  the  device  be  calibrated  to  an  accuracy  of 
0.1  millimeter  for  a  height  of  drop  of  one  centimeter. 

(2)  That  the  device  be  placed  in  a  horizontal  posi- 
tion and  be  cushioned  by  relatively  soft  material,  such 
as  newspapers  or  magazines. 

(3)  That  the  surface  of  the  base  and  the  outside  of 
the  cup  be  wiped  free  of  moisture  or  soil  powder  before 
the  number  of  blows  are  determined. 

(4)  That  the  sample  be  carefully  mixed  before  the 
test  is  performed,  especially  when  it  is  started  with  soil 
in  the  natural  wet  state. 

(5)  That  a  straight  groove  be  made  by  holding  the 
cup  in  one  hand,  cam  follower  turned  upward  and  away 
from  the  body,  and  drawing  the  standardized  grooving 
tool  toward  the  body  along  a  line  passing  though  the 
center  line  of  the  cam  follower  and  the  point  of  contact 
betw^een  cup  and  base  in  the  manner  previously  de- 
scribed.    (Fig.  8.) 

(6)  That  the  crank  be  turned  at  the  rate  of  two 
rotations  per  second  until  the  bottom  of  the  cut  is  closed 
for  a  distance  of  about  one-half  inch. 

(7)  That  the  operations  be  repeated  until  the  last 
three  numbers  of  blows  are  in  substantial  agreement. 


(8)  That  at  least  two  or  three  determinations  be 
made  at  different  water  contents  in  the  vicinity  of  25 
blows  for  the  determination  of  the  liquid  limit,  and  at 
least  five  determinations,  ranging  between  10  and  40 
blows  be  made  for  the  determination  of  the  flow  curve 
and  the  flow  index. 

Irregularities  in  successive  determinations  of  the 
number  of  blow^s  were  found  to  be  due  to — 

1.  Irregular  shape  of  groove,  side  walls  scratched 
due  to  inconsistencies  of  sample  or  because  the  edge  of 
the  grooving  tool  was  not  cleaned. 

2.  Nonuniform  mixture  of  sample  in  natural  state  or 
rapid  evaporation  and  insufficient  mixing  after  every 
determination. 

3.  Grooving  tool  held  at  dift'erent  angles  instead  of 
perpendicular  to  the  tangent  at  the  point  of  contact. 

4.  Moisture  or  dry  soil  powder  on  the  points  of  con- 
tact of  base  and  cup. 

Generally,  with  respect  to  the  plasticity  tests  it  was 
found  that — 

(1)  The  flow  curve  on  a  semilogarithmic  plot  is  a 
straight  line. 

(2)  The  liquid  limit  is  the  water  content  correspond- 
ing to  25  blows  as  determined  by  means  of  a  standard- 
ized device  and  procedure. 

(3)  The  flow  index  is  a  constant  indicating  the 
slope  of  the  flow  curve  when  plotted  on  semilogarithmic 
paper.  It  is  equal  to  the  difference  of  the  water 
contents  corresponding  to  10  and  to  100  blows. 

(4)  The  liquid  and  plastic  limits  of  soils  determined 
with  their  natural  water  content  are  for  inorganic 
clay  soils  equal  or  slightly  higher  than  the  limits 
determined  from  oven-dried  state.  For  soils  con- 
taining organic  matter,  the  difference  may  be  very 
large. 

(5)  The  change  in  plasticity  caused  by  drying  is 
accompanied  by  a  change  in  other  physical  properties, 
especially  the  cohesion  and  the  i^ermeability  of  the  soil. 

(6)  The  licpiid  limit  is  the  water  content  at  which 
the  raw  material  of  a  soil  in  remolded  state  possesses  a 
very  small  but  constant  shearing  resistance. 

(7)  The  shearing  resistance  at  the  plastic  limit 
may  be  dift'erent  for  different  soils.  The  flow  index 
may  be  used  as  a  relative  measure  of  this  difl'erence. 

(8)  For  soils  having  the  same  plasticity  indices,  the 
shearing  resistance  in  remolded  state  at  the  plastic 
limit  is  inversely  proportional  to  the  flow  index. 

(9)  For  soils  having  the  same  flow  indices,  the 
shearing  resistance  in  remolded  state  at  the  plastic 
limit  is  proportional  to  the  plasticity  index. 

(10)  Soils  having  the  same  plasticity  and  flow 
indices,  have  the  same  shearing  resistance  in  their 
remolded  state  at  corresponding  intermediate  states. 

(11)  The  difference  between  the  shrinkage  limit 
in  undisturbed  and  remolded  state  is  caused  by  the 
character  of  the  structure  in  natural  state,  and  there- 
fore, may  be  used  as  a  measure  of  the  amount  of 
disturbance  resulting  from  thorough  molding. 

(12)  The  physical  significance  of  the  liquid  limit 
of  a  nonplastic  soil  is  fundamentally  different  from 
that  of  a  plastic  soil.  It  appears  that  this  test  when 
applied  to  slightly  cohesive  or  cohesionless  soils  has 
more  the  character  of  a  stability  test. 

(13)  The  plastic  and  liquid  limit,  and  the  flow  index 
yield  qualitative  information  on  the  shearing  re- 
sistance of  the  soil  in  remolded  state. 

(Continued  on  p.  136) 


THE  NEW  HAMPSHIRE  TRAFFIC  SURVEY 


Reported  by  L.  E.  PEABODY  .Senior  Highway  Economist,  United  States  Bureau  of  Public  Roads 


DURING  the  summer  of  1931  tlie  State  Highway 
Commission  of  New  Hampshire  coo])erated  with 
the  Bureau  of  Public  Roads  in  a  survey  of  liigh- 
way  traffic  upon  the  trunk-line,  State-aid,  and  town 
road  systems  of  New  Hampshire.  Field  observations 
were  taken  at  the  same  locations  and  with  the  identical 
schedule  of  operation  as  in  an  earlier  survey  ^  in  192(). 
Figure  1  shows  the  locations  of  stations  at  which  field 
operations  were  carried  on  in  1926  and  1931,  and  a 
graphical  comparison  of  1931  traffic  with  the  1926 
forecast. 

When  account  is  taken  of  the  unpredictable  shifts  in 
highway  traffic,  the  data  obtained  in  this  survey  afford 
a  reasonably  close  check  upon  the  results  of  the  1926 
survey  and  the  traffic  forecast  made  at  that  time. 

Traffic  observed  in  1931  upon  the  383  routes  or  sec- 
tions of  routes  aggregated  470,992  vehicles  per  day,  as 
compared  with  a  forecast  of  408,549  vehicles  per  day 
made  five  years  earlier.  Thus  the  traffic  in  1931  was 
greater  by  15.3  per  cent  than  the  amount  forecast  in 
1926.  This  is  the  gross  comparison,  and  there  is  wider 
divergence  when  the  comparison  is  made  for  individual 
sections  of  routes. 

Table  1. — Comparison  of  1926  iraffic  forecast  ivith  actual  traffic 

in  19Si 


Total  motor  vehicles 

Ratio, 

Routes  with  average  daily  traffic — 

Forecast, 
1926 

Actual, 
1931 

1931  to 
1926 

Less  than  200  . . 

8,940 
23, 390 
56,  940 
78,  550 
240,  729 

12,953 
39,  720 
75,  639 
95,  202 
247,  478 

1  449 

200to499 

1.698 

500  to  999.... _ 

1.328 

1,000  to  1,499 

1.212 

1,500  or  more. 

1  nas 

408,  549 

470,  992             1.  153 

In  Table  1  the  forecast  and  actual  traffic  are  com- 
pared by  specific  classes  of  routes;  that  is,  those  with 
less  than  200  vehicles  per  day,  200  to  499  veliicles  per 
day,  etc.  This  tabulation  shows  that  the  actual 
traffic  was  relatively  liigher  than  the  forecast  upon 
routes  carrjnng  less  than  500  vehicles  per  day  in  com- 
parison with  the  more  heavily  traveled  routes.  The 
aggregate  traffic  on  all  routes  carrying  500  or  more 
vehicles  per  day  exceeds  the  forecast  by  less  than  9 
per  cent.  Upon  the  most  important  routes  (those 
carrying  1,500  or  more  vehicles  per  day)  the  actual 
traffic  exceeded  the  forecast  by  less  than  3  per  cent. 

If  the  traffic  of  1931  is  compared  with  the  traffic 
classification  of  routes  -  made  in  1926,  it  will  be  found 
that  the  traffic  classification,  based  on  1926  traffic  and 
a  forecast  based  on  that  traffic,  is  closely  accurate. 
In  general,  the  variation  from  the  forecast  is  well 
within  the  ranges  of  the  traffic  classifications  set  up  in 
the  earlier  report.  These  ranges  of  traffic  density, 
rather  than  the  individual  figures,  are  the  significant 
factors  in  the  study  of  a  highway  system;  and  the 
differentials  between  the  1926  forecast  and  the  1931 
traffic  are  insufficient  to  change  appreciably  the  traffic 
classification  of  these  routes  as  originally  set  up. 

'  Report  of  a  Survey  of  Transportation  on  the  State  Highways  of  New  Hampshire 
(1927).  A  number  of  stations  which  were  not  operated  at  their  1926  locations,  and 
certain  1926  stations  which  were  not  occupied  in  1931,  are  not  included  in  the  com- 
parisons here  given.  » 

'  Report  of  a  Survey  of  Transportation  on  the  State  Highways  of  New  Hampshire, 
1927,  p.  67  et  seq. 


While  the  relative  variations  are  greatest  ujion  the 
light  traffic  routes  (Table  1)  especially  those  carrying 
under  500  vehicles  per  day,  variations  on  these  routes 
represent  relatively  small  numerical  dift'ercnccs  in_ 
traffic  count.  This  point  may  be  brought  out  in  still' 
another  way:  On  more  than  half  the  383  routes  or  sec- 
tions of  routes  for  which  traffic  was  forecast,  the  actual 
traffic  in  1931  checked  within  200  vehicles  per  day,  and 
on  82  per  cent  of  all  routes,  tlie  differences  were  less 
than  500  vehicles  per  day. 

If  the  comparison  be  made  by  specific  routes,  much 
the  same  conclusions  are  reached,  as  is  shown  in  Table 
2.  The  routes  in  this  table  are  arranged  in  order  of 
magnitude  of  the  1931  traffic.  Upon  the  heavily 
traveled  routes,  the  1931  traffic  is  slightly  below  that 
forecast  and,  as  the  traffic  decreases,  the  forecast  traffic 
becomes  greater  in  relation  to  the  observed  traffic. 

Table  2. — Comparison  of  1926  traffic  forecast  ivilli  actual  traffic 
in  1931  by  specific  routes 


Average 

Differ- 

daily 

ences 

Route 

Location 

density  of 

from 

1931 

1926 

traffic 

forecast 

Per  cent 

U.S.  1 

From  Massachusetts  line  via  Seabrook,  Hampton, 
and  Portsmouth  to  Maine  line. 

8,078 

-8.5 

U.S. 3 

Lakeport  via  Franklin,  Concord,  Manchester,  and 
Nashua  to  Massachusetts  line. 

4,577 

-12.4 

lOlandlOlA 

Keene  via  Peterboro  and  Milford  to  Nashua 

1,954 

-fl2.2 

18 

From  Vermont  line  via  Littleton,  Twin  Mountain, 

1,704 

+  10.2 

Glen,  and  Conway  to  Maine  line. 

U.S.  3 

Colebrook  via  Lancaster,  Whitefield,  and  Twin 
Mountain  to  Plymouth. 

1,532 

+19.9 

16  and  28.... 

Conway  via  Ossipee  and  Milton  to  Rochester 

1,428 

+20.0 

The  greater  increase  in  traffic  upon  the  more  lightly 
traveled  routes  is  not  definitely  a  result  of  congestion 
upon  the  heavy-traffic  routes,  but  is  probably  due  to 
improvement,  in  surface,  alignment,  and  grade,  of  more 
direct  routes  and  of  the  routes  carrying  the  lighter 
traffic,  as  well  as  to  the  desire  of  motorists  to  avoid 
heavier  traffic.  In  general,  these  routes  of  lighter 
traffic  are  less  highly  improved;  but,  despite  the  poorer 
conditions  with  respect  to  grade,  alignment,  etc.,  it  may 
be  possible  to  travel  as  comfortably  and  as  rapidly  upon 
them  as  upon  the  more  congested  routes.  In  many 
cases,  new^  scenery  is  a  factor  in  the  choice. 

The  improvement  in  the  light-traffic  routes  since 
1926  has  been  extensive.  For  instance,  travel  on  route 
10  between  Hanover  and  Woodsville  now  averages  more 
than  1,500  vehicles  daily.  Route  111  from  Wentworth 
to  Orford,  joining  route  10  at  Orford,  has  a  traffic 
average  of  more  than  480  vehicles  per  day,  or  three 
times  the  amount  forecast  for  this  section  in  1926.  The 
increase  upon  this  relativelj^  lightly  traveled  route  is 
due  wholly  to  the  completion  of  route  111  with  a  sur- 
faced road  since  the  survey  of  1926,  as  this  trunk  line 
was  not  improved  at  that  time. 

Many  of  the  divergences  between  the  1931  forecast 
of  the  1926  survey  and  the  actual  count  in  1931  are  due 
to  the  completion  of  existing  trunk  line  layouts  created 
by  the  legislature,  upon  which  little  or  no  construction 
was  in  existence  at  the  time  of  the  1926  survey.  The 
trunk  line  completion  act  of  the  1929  legislature  pro- 
vided for  the  comj)letion  of  all  routes  designated^ as 
trunk  lines  by  the  close  of  the  1930  construction  season. 
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Construction  activities  of  tins  period  resulted  in  several 
differentials,  of  which  the  following  are  examples.  At 
station  Go  in  Somersworth  traHic  on  route  16  southeast 
to  Somersworth  was  2,250  vehicles  per  day  less  than  the 
forecast,  while  traffic  on  route  16-A  south  to  Dover  was 
2,480  vehicles  per  day  more  than  the  forecast.  Traffic 
north  on  route  16  at  this  station  was  3,300  vehicles  per 
day  or  very  close  to  the  3,230  vehicles  per  day  forecast 
in  1926  for  this  route.  The  shift  in  southbound  traffic 
from  route  16  to  route  16-A  is  clearly  a  ]-esult  of  the 
complete  construction  with  modern  pavement  of  route 
16-A,  a  much  shorter  and  better  route  for  through 
traffic.  The  completion  of  route  16-A  places  it  in  the 
major  traffic  classification,  for  ])ractically  all  but  local 
traffic  now  utilizes  this  shorter  direct  route  in  preference 
to  the  more  circuitous  route  16,  which  has  now  become 
of  secondary  importance. 

At  station  99  traffic  toward  Exeter  was  within  91 
vehicles  per  day  of  that  forecast.  Traffic  on  route  101-C 
was  241  vehicles  per  day  less  than  the  forecast  traffic, 
wdiile  traffic  on  the  shorter  State-aid  route  to  Hampton 
Falls  was  151  vehicles  more  than  forecast.  The 
improvement  of  the  shorter  State-aid  route  has  drawn 
traffic  to  it  somewhat  in  preference  to  route  101-C.  In 
addition  this  diversion  indicates  the  general  tendency 
for  traffic  to  seek  out  shorter,  more  direct  routes  in  good 
condition,  in  preference  to  main  routes  on  wliich  'here 
is  congestion,  such  as  route  U.  S.  1,  the  adjoining  heavily 
traveled  highway. 

Construction  activities  may  show  their  effects  upon 
the  routing  of  traffic  at  a  considerable  distance  from  the 
location  of  the  improvement  and  thus  affect  the  accuracy 
of  a  forecast.  For  example,  at  station  72,  several  miles 
north  of  Berlin  on  route  16,  highway  construction  proj- 
ects were  under  way  during  the  period  of  193 1  field  work. 
Traffic  on  route  16  was  87  vehicles  per  day  less  than 
forecast,  while  the  traffic  on  route  110  northwest  of  Ber- 
lin exceeded  the  estimate  by  93  vehicles  per  day. 

Again,  traffic  on  U.  S.  3  and  U.  S.  4  between  Concord 
and  Laconia  via  Franklin  was  much  reduced  from  that 
estimated  in  1926,  because  of  construction  on  these  sec- 
tions, while  the  traffic  on  route  106  between  Concord 
and  Laconia  was  considerably  in  excess  of  the  amount 
forecast.  In  this  latter  case  the  increase  on  route  106  is 
evidently  due  in  great  part  to  the  completion  of  the 
original  construction  on  this  shorter  and  more  direct 
route  from  Concord  to  Laconia  through  less  ])opulated 
territory,  avoiding  the  city  of  Franklin  and  the  larger 
town  of  Tilton  with  their  acconipanying  traffic  delays. 
The  construction  on  route  U.  S.  3  in  Franklin  and  Tilton 
was  avoided  to  a  great  extent  I)y  the  use  of  the  State-aid 
route  from  Boscawen  through  Northfield  to  Tilton, 
upon  which  there  was  a  traffic  increase  of  approximately 
50  ])er  cent  in  excess  of  that  forecast,  because  of  the  use 
of  this  optional  route  during  the  construction  on  U.  S. 
3.  While  a  slight  increase  in  traffic  on  route  106  may  be 
attributed  to  construction  on  U.  S.  3,  check  surveys 
operated  by  the  State  highway  department  between  the 
1926  and  1931  cooperative  surveys  have  indicated  a 
substantial  increase  in  traffic  on  route  106  above  a 
normal  expected  increase,  which  may  be  attributed 
wholly  to  the  complete  construction  of  this  route,  which 
under  average  conditions  shortens  the  driving  time 
between  Concord  and  Laconia  l)y  from  15  to  30  minutes. 

Although  no  construction  took  place  at  station  64 
during  the  period  of  the  survey,  there  is  evidence  of 
considerable  change  in  traffic  routed  through  this  sta- 
tion.    Traffic    between    Claremont    and    this    station 


during  1931  was  1,742  daily  vehicles,  or  very  close  to 
the  forecast  of  1,730  vehicles  per  day.  Traffic  west 
through  Vermont  on  route  12  is  385  vehicles  per  day 
greater  than  the  forecast,  while  the  traffic  north  on  the 
township  road  to  Plainfield  is  292  per  day  under  the 
forecast. 

Construction  activities  which  permit  the  use  of  the 
highway  produce  less  eft'ect  upon  traffic  movement  on 
the  lightly  traveled  routes.  As  an  example,  traffic  on  all 
routes  leading  from  station  4  is  in  excess  of  that  fore- 
cast, although  highway  construction  during  the  period 
of  the  survey  was  noted  at  this  station.  The  excess 
north  on  the  township  road  to  Lancaster  was  32  vehicles, 
west  on  U.  S.  2  to  Riverton,  91  vehicles,  and  east  on 
U.  S.  2  to  Jefferson,  65  vehicles  per  day. 

Improvement  of  the  Concord-Kt^ene  highway  was 
completed  in  1930.  Although  portions  of  this  route 
were  improved  in  1926,  there  were  many  sections  of  the 
route  aw^aiting  improvement.  The  Wolfeboro-Alton 
section  of  route  28  was  completed  in  1930.  Route  11 
north  of  Alton  to  the  junction  of  route  28  was  heavily 
used  by  traffic  during  1931  to  avoid  construction  on 
U.  S.  3.  This  section  has  been  completed  since  1926. 
On  all  of  these  sections  the  traffic  use  during  1931  was 
greater  than  the  amount  forecast  in  1926. 

At  station  56,  in  Newport,  at  the  junction  of  the 
State-aid  road  and  route  1 1 ,  the  routing  was  changed  so 
that  traffic  which  formerly  used  route  11  west  now  goes 
down  the  State-aid  road  approximately  one-fourth  of  a 
mile,  and  then  turns  west.  This  change  accoimts  for 
the  increase  in  traffic  on  the  State-aid  road  at  this  point. 
At  station  11,  the  decrease  in  traffic  is  due  to  the  fact 
that  through  traffic  for  Laconia  and  points  north  begins 
to  divert  here  over  South  Pembroke  road  past  Concord 
Airport  as  a  short  cut  to  route  106,  avoiding  the  main 
street  of  Concord. 

It  is  stated  in  the  earlier  report^  that  "It  is  not  ex- 
pected that  the  estimates  of  traffic  in  1931  and  in  1936 
will  in  all  cases  reflect  the  actual  traffic  on  each  section 
of  highway  in  these  years,  but  it  is  believed  that  the 
estimates  will  reflect  with  reasonable  accuracy  ighw 
traffic  on  the  trunk-line  system." 

Although  the  1931  results  have  come  well  within  the 
statement  of  expected  results  as  above  quoted,  it  is 
probable  that  closer  estimates  might  have  been  made 
had  gasoline  consumption  data  for  New  Hampshire 
been  available  in  1926.  Study  of  this  data  indicates  a 
much  closer  relationship  between  gasoline  consumption 
and  traffic  volume  than  between  registration  and  traffic 
volume  ^  particularly  for  the  years  subsequent  to  1924  or 
1925.  Theyear  1924  is  thefirst  forwhich  statistics  of  gas- 
oline consumption  were  available  for  New  Hampshire. 
When  the  1926  traffic  forecast  was  made,  the  gasoline  con- 
sumption series  for  New  Hampshire,  as  in  most  States, 
was  but  two  years  in  length,  too  short  a  period  to  use 
it  for  forecasting  purposes.  The  increase  of  1931  traffic 
over  1926  traffic  is  75  per  cent.  Gasoline  consumption 
figures  for  1931  indicate  an  increase  over  1926  con- 
sumption in  New  Hampshire  amounting  to  73  per  cent. 

S])ecial  attention  was  paid  to  the  occurrence  of  solid- 
tired  trucks  in  the  1931  survey.  It  was  found  that 
such  trucks  amounted  to  six-tenths  of  1  per  cent  of  all 
trucks  observed  upon  the  highway. 

A  tabulation  of  traffic  by  types  of  vehicle  for  each 
station  is  given  in  Table  3. 

'  Report  of  a  Survey  of  Transportation  on  the  State  Highways  of  New  Hampshire, 
11)27,  p.  57. 

<  Report  of  a  Survey  of  Traffic  on  the  Federal-aid  Highway  Systems  of  11  Western 
States.  193(1. 
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Figure  1. — Average  Daily  Motor  Vehicle  Traffic  on  New   IIampshike  Roads  and  Comi-au- 
isoN  WITH  1926  Forecast.     Locations  of  Traffic  Survey  Stations  Ahk  Also  Shown 
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Table  3. — Comparison  of  molor  vehicle  traffic  at  New  Hampshire  traffic  survey  stations  in  1931  with  forecast  for  1931  based  on  survey 

in  1926  1 


Sta- 
tion 

No.2 

Direction 
from  sta- 
tion 

Route  No. 3 

Trucks, 
1931 

Passen- 
ger cars, 
1931 

Total  ve- 
hicles, 
1931 

Total  ve- 
hicles 
forecast, 
1926 

Sta- 
tion 
No.' 

Direction 
from  sta- 
tion 

Route  No.> 

Trucks, 
1931 

Passen- 
ger cars, 
1931 

Total  ve- 
hicles, 
1931 

Total  ve- 
hicles 
forecast, 
1926 

x 

U.  .'^.  1 

678 

445 

107 

366 

335 

45 

34 

81 

30 

214 

16 

90 

85 

169 

207 

77 

21 

82 

65 

497 

499 

442 

442 

487 

479 

36 

609 

548 

51 

89 

422 

374 

343 

348 

230 

278 

42 

10 

163 

199 

257 

212 

"52 

260 

374 

1.V2 

91 

86 

29 

199 

198 

9 

67 

110 

78 

31 

46 

19 

40 

76 

54 

92 

78 

18 

116 

119 

8 

166 

25 

86 

92 

96 

94 

95 

305 

334 

81 

65 

90 

98 

145 

374 

409 

248 

145 

374 

409 

57 

154 

202 

52 

52 

100 

148 

104 

113 

114 

24 

10, 352 
8,272 

1,  795 

5,  949 
5,914 

SO 

112 

4,2S1 

376 

3,995 

96 

705 

706 

1,854 

2.  C32 
1,218 

109 

972 

1,030 

6,  504 
6,604 

3 
6,  528 
5,  528 
6, 196 
6,048 
232 
5,495 

5,  661 
240 
995 

6,  356 
4,  722 
4,442 
3,991 
1,907 
2,  238 

631 
76 
2,001 
2,008 
2,053 
2,105 

197 
3,199 
4,265 
1,557 
2,051 
1,932 

426 
1,747 
1,670 
45 
2,610 
2,631 

186 

740 
1,890 
1,314 

628 
1, 323 

842 
1,461 
1,375 

154 

1,118 

1,147 

60 

1,465 

177 

563 
1,090 

999 
1,162 

714 
2,791 
3,053 

696 
1,077 
1,277 
1,134 

570 
2,769 
3,199 
2,269 

570 
2,769 
3,199 

856 
1,466 
2,149 

793 

793 

991 
1,569 
1,006 
1,221 
1,317 

154 

11,030 
8,717 
1,902 
0,315 
6,  249 
125 
146 

4,  362 
406 

4,109 

112 

796 

791 

2,023 

2,  S39 

1,  295 
130 

1,054 
1,095 
7,001 
7,003 
3 

5,  970 

6,  970 
6,683 
6,527 

268 
6,104 
6,209 

291 
1,084 
5,778 
5,  096 
4,785 
4,  339 

2,  1.37 
2,516 

573 

86 

2,  164 

2,  207 
2,310 
2,317 

249 

3,  459 
4,039 
1,709 
2,142 

2,  018 
455 

1,946 
1,86S 
54 
2,577 
2,641 

203 

771 
1,936 
1,333 

608 
1,399 

896 
1,  563 
1,  4.53 

172 

1,234 

1,  266 

68 

1,631 

202 

669 
1,182 
1,095 
1,246 

809 
3,096 
3,387 

777 
1,142 
1,367 
1,232 

715 
3,143 
3,608 
2,517 

715 
3,143 

3,  608 
913 

1,  619 

2,351 

845 

846 

1,091 

1,707 

1.110 

1,334 

1,441 

178 

9,370 

8,190 

1.270 

8,890 

8,880 

80 

80 

4,070 

1.910 

2,860 

80 

730 

700 

2,240 

2,  510 

980 

110 

760 

830 

6.540 

6.  540 

33 
34 
35 
36 
37 
38 
39 
40 
41 

42 

43 
44 

45 

46 

47 
48 
49 

50 

51 

52 

53 

54 

55 

66 

57 

58 

59 

60 

61 

62 
63 
04 

65 

66 

N 

106           

99 

112 

200 

75 

83 

103 

97 

258 

133 

207 

198 

23 

49 

6 

51 

180 

268 

101 

88 

162 

83 

60 

76 

35 

95 

109 

16 

104 

252 

229 

60 

96 

154 

154 

8 

34 

39 

15 

88 

106 

34 

226 

570 

149 

192 

33 

133 

108 

74 

129 

105 

53 

94 

41 

93 

134 

141 

46 

71 

113 

171 

236 

154 

91 

130 

198 

70 

118 

131 

159 

26 

68 

74 

142 

67 

108 

322 

188 

489 

191 

89 

90 

4 

358 

210 

157 

146 

78 

71 

33 

198 

171 

363 

266 

136 

8 

102 

94 

40 

1.454 
1,732 
3,064 

705 

881 
1,254 

445 
1,661 
1,221 
2,830 
2,626 

360 

966 
37 

997 
1,949 
3,277 
1,489 

878 
1,910 
1,089 

524 
1,208 

764 

1,211 

1,268 

65 

792 
4,091 
3,451 
1,173 
1,084 
1,733 
1,736 
52 

535 

662 

103 

883 
1,053 

207 
2,324 
3,087 
1,614 
1,655 
82 
1,583 
1,428 

476 
1,333 
1,081 

609 

996 

192 
1,068 
1,086 
1,403 

466 
1,015 
1,943 
2,478 
2,549 
1,436 
1.158 
1.427 
2,259 

841 
1.537 
1,228 
2,136 

308 
1,005 
1,074 
2,327 

610 
1,707 
2,671 

695 
4,116 
1,052 

1,  422 
1,450 

46 

2,466 

1,684 

733 

1,762 

1,140 

648 

146 

1,544 

1,394 

2,  937 
2,413 

668 

18 

1,271 

1,380 

259 

1.553 
1.844 
3.264 

780 

964 
1,357 

552 
1,919 
1,354 
3,037 
2,824 

383 
1,015 
43 
1,048 
2,129 
3,545 
1,590 

966 
2,072 
1, 172 

574 
1,284 

799 

1,306 

1,377 

81 

896 
4,343 
3,680 

1,  223 
1,180 
1,887 
1,890 

60 

569 

601 

118 

971 

1,158 

241 

2,550 

3,657 

1,763 

1,847 

115 

1,716 

1,536 

650 

1, 462 

1,186 

662 

1,090 

233 

1,161 

1,220 

1,544 

612 

1,086 

2.056 

2.649 

2,  785 
1,590 
1,249 
1,567 
2,457 

911 
1,655 
1.359 
2,294 

334 
1,063 
1,148 
2,469 

667 
1,815 
2,993 

883 
4,605 
1.243 
1.511 
1.540 
60 
2.824 
1,894 

890 
1,908 
1,218 

719 

178 
1,  742 
1,565 
3,300 
2,679 

804 

26 

1,373 

1,474 

299 

1 

1 -^ 

r.  .'^,  1 - 

•^E _. 

9 -. 

1,570 
2,100 

w 

Mass.  110 

\V 

9 

N 

U.S.I 

U.  S.  1-              

S 

4-.A 

s 

^E 

9 

700 

920 

370 

1,620 

1,360 

2,690 

2,450 

280 

850 

30 

2 

lE 

T.  K 

W... 

9 

\V 

T   R 

S  . 

T.  R 

Nf 

1-A 

{E.... 

9        

3 

T.  R 

W 

9- 

E 

\-\              

N 

U.S.  4 

U.  S.  4 

N 

T    R 

<S  . 

4 

Je 

U   .S   2        

w..  .    . 

S.  A      . 

w 

U.  S.  2.. 

N 

9 

N   - 

16 

•^E 

T.  R 

- 

U    8   2 

W 

N 

9 - 

12, ._ 

W 

U.  S.  2 

S.A.- 

U    S   2 

1,380 
2,370 

960 
1,230 
1,880 

690 

iV 

Je 

{E 

9  and  12 

6 

Iw 

N 

9 

10 

w    

U.  S.  2 

U   S.  3 

N 

■^S. 

9  and  10 

7 

Js 

U.S.  3 

T   R                     ..  .  . 

E 

N 

9._. 

S.  A 

\v 

570 
1,060 
490 
8.50 
990 

fN 

U.  S.3 

5.300 

5,  300 
6,000 
5,910 

160 

6.  580 
5,690 

110 

|e 

w      

9 

9                                .  . 

8 

S 

U   S   3 

N 

U.S.  3 

U.  S.  3 

N 

9  and  32 

9 

.js 

■^S 

9  and  32 

\v 

T    R 

\v 

T.  R 

100 

N 

U.S.  3 

U   S   3 

s 

S.A 

10 

•^E 

9  and  103  .. 

3,790 
3,790 
1,420 
1  "^30 

e 

101- B 

W 

9  and  103 

N 

T    R 

NjandS.. 
E.  and  W. 
N.. 

10                       

n 

■^S 

U   S   3                   ...  - 

6,810 
6,810 
0. 600 
6,  560 

3,  860 

4.  180 
360 
180 

3,  6.60 
3,740 
3.120 
3,270 

230 
3,530 
4,020 
1,100 
1,500 
1,540 

310 
1,770 
1,720 
70 
2,140 
2,160 

220 

700 
1,620 
1,030 

490 
1,150 

800 

1,230 

1,220 

20 

1,300 

1,300 

20 

1,350 

80 

230 
1,190 

660 

730 

310 
2,220 
2,389 

480 
1,030 
1,370 

790 

340 
2,280 
2,510 

10 

W 

U   S.  3 

10  and  DiC.s 

2,120 

2,120 

50 

830 

9^0 

fN 

U   S   3 

<3     

10  and  Di  C 

12 

(s    " 

U   S   3            

w 

TiR 

N 

U   S   3 

N         .  .  . 

10             .         

13 

/S 

U   S  3 

^S 

10  and  101 

W 

S    A      

w 

101 

190 

N 

T    R 

N. 

10                

1,010 

1,200 

210 

14 

]e 

U.  S.  3.. 

U.  S.  3 

■^S 

10      

w        .  . 

w 

T,  R 

X 

U   S   3 

N.. 

10         

1  650 

15 

Js 

U.  S.3 

S.  A.- 

TT    S    3                 _   .   . 

\s 

10    

1,650 
1  0''0 

w._ 

N-    

10             

•Is 

10      

1,060 
60 

16 

^S 

U   S.  3 

E 

TjR 

E 

11 

N. -. 

10  and  Di  C.s 

970 

N 

U   S.  3            

\s  

10  and  DiC.» 

Ill           

870 

17 

E 

s'a'             .  .  ... 

E         

190 

N. 

10  and  26 

1  290 

N     ...  . 

U.  S.  3 

{S 

10 -.- 

880 

18 

.{s 

U   S   3 

E       

25             

580 

w 

T    R            

N 

10 

1  090 

N 

U    S   3 

{S          

S.A            

180 

19 

<.S 

U   S   3                ... 

\V 

10      

1  110 

Ie 

N 

S.A 

105 

N         .  . 

10                        ... 

970 
1  380 

\s 

10           

20 

■^S 

U    S   3             

E 

117     . 

510 

E 

U   S   3 

S       ... 

105                       ... 

710 

N 

115                       ... 

.^E 

10  and  18 

1  500 

21 

<S       ...  ... 

U   S.  3        

W 

10  and  18 

2.020 
2.490 
1  280 

w 

U.  S.3 -.. 

U   S   3            

N. 

11  and  12    . 

N 

1 S 

11  and  12 - 

22 

1^ 

U.  S.  3 

W 

T.  R 

1  310 

W 

T    R 

s 

.^E 

.S.A 

11 

320 

N 

U.  S.  3 

2,070 

1  770 

23 

-..S 

U.  S.3.- 

T.  R            

W 

11               

E... 

N 

11        

1  930 

N 

U   S   3 

\& 

32  and  103         ... 

990 

S 

S   A                 

W 

11  and  103 . 

2,040 
180 

24 

)E 

S.  A    

s 

103-A - 

w 

U   S   3 

.^E      

11                , 

910 

N 

U.  S.  3        

W 

11           

1  090 

25 

\s 

U.  S.  3 

N.. 

11  and  28 

1, 160 

w 

T   R 

•(s 

28              

330 

N 

3-A 

E 

11       

1,030 

26 

•  .s 

"i-^. 

(N 

11                          ... 

1,900 
460 

w 

4-B              

S 

T.  R     

s 

3-A 

E 

104  and  11 

2,830 
530 

27 

■  e 

25                              

W 

104 

iw... 

s  . 

25... 

T    R 

N- -. 

12       

1,190 

is      

12 

1  200 

28 

iE. 

4                            

E    

T.R 

10 

w 

4 

N. 

12 - 

2, 110 

N 

"A"  D.  C.i 

Js     

12 

1  470 

S 

IE 

S.A 

D.  C.5 

340 

2,280 

2,510 

810 

1,410 

2,110 

530 

530 

390 

1,080 

830 

1,970 

1,970 

W 

T.  R     

810 

28 

N 

12  and  101 

2,600 

\V       . 

"B"D.  C.^            

is    

12             .          -  ... 

2, 110 

S 

10 

E 

101     

670 

29 

{E 

U.  S.  4 

N..     

T.  R 

470 

W 

U.  8.  4 

is 

12                       

1,730 

(N 

U.  S.  4. 

U.  S.  4.               .         . 

w 

N 

12. 

1(3     

1, 180 

30 

is "......:': 

3,230 
190 

IN 

U.  S.  4 

U.S.  4  and  11 

11                        

s 

16-.A 

31 

E 

e"":;;;::: 

16 

3, 060 

(w 

\v 

T.  R       

20 

|K. 

11 

N 

16 

1,370 

32 

w : 

11 

is 

16                            .   ... 

1,350 

s 

Old  11 

E 

S.A 

360 

'  Average  daily  tralfic  for  the  period  from  July  17,  to  Oct.  10. 

2  For  locations  of  stations  see  fig.  1. 

'  The  United  States  routes  are  designated  by  the  initials  U.  S., 

*  Less  than  1  per  day. 

'  Local  designation. 


State  routes  by  number  only.  State-aid  roads  by  S.  A.,  and  township  roads  by  T.  R. 


October,  1932 
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Table  3. 


-Comparisoii  of  motor  vehicle  traffic  at  New  Hampshire  traffic  survey  stations  in  103L  with  forecast  for  I'Jdl  based  on  survey 

in  1926 — Continued 


Sta- 
tion 
No 

Direction 
from  sta- 
tion 

Route  No. 

Trucks, 
1931 

Passen- 
ger cars, 
1931 

Total  ve- 
hicles, 
1931 

Total  ve- 
hicles 
forecast , 
1926 

Sta- 
tion 
No. 

Direction 
from  sta- 
tion 

Route  No. 

Trucks, 
1931 

Passen 

ger  cars, 

1931 

Total  ve- 
hicles, 
1931 

Total  ve- 
hicles 
forecast, 
1926 

fN 

16 

41 

46 

8 

1 

98 

100 

78 

70 

69 

14 

59 

80 

82 

33 

37 

13 

107 

100 

30 

29 

39 

44 

34 

6 

101 

88 

52 

68 

96 

50 

2 

170 

168 

35 

83 

52 

118 

355 

275 

22 

80 

258 

63 

262 

IS 

243 

174 

107 

105 

102 

9 

74 

22 

70 

01 

90 

62 

10 

77 

47 

40 

85 

100 

43 

70 

156 

92 

25 

64 

63 

103 

33 

70 

92 

7 

29 

105 

123 

271 

174 

203 

28 

6 

91 

167 

241 

2 

87 

85 

157 

207 

142 

14 

3 

267 

263 

46 

94 

136 

998 

841 

00 

8 

1,297 

1,345 

5))5 

1,901 

1,764 

207 

1,744 

2,502 

1,900 

878 

910 

150 

840 

837 

90 
555 
608 
701 

49 
881 
980 
1,604 
675 
864 
365 

32 

1,  667 
1,647 

960 
1,460 

722 

818 

4,030 

4,028 

82 

178 
2,484 

325 

2,  201 

59 

1,669 

1,  096 

409 

1,151 

1,138 

63 

1,275 

151 

1,171 

748 

1,187 

582 

44 

1,107 

653 

625 

620 

887 

359 

673 

1,3.38 

728 

330 

1,102 

730 

1,  684 

3,58 

1,156 

1,419 

48 

144 

966 

1,076 

2,446 

1,435 

1,533 

98 

18 

636 

1,  514 
2,071 

16 
2,036 
2,016 
1,391 

2,  267 
1,366 

80 
23 
1,917 
1,  935 
.565 
1,505 
2,043 

1,042 

887 

08 

9 

1,395 

1,  445 

643 

1,  o;  1 

1.833 

221 

1,803 

2,  642 
1,982 

911 
947 
163 
947 
943 
97 
125 
594 
052 
735 

982 

1,  068 

1,656 

743 

960 

415 

34 

1,837 

1,815 

995 

1,.543 

774 

936 

4,  385 

4,  303 

104 

258 

2,742 

388 

2, 463 

1,912 

1,270 

5i6 

1,2.56 

1,240 

72 

1,349 

173 

1,241 

809 

1,277 

644 

54 

1,184 

700 

665 

705 

987 

402 

743 

1,494 

820 

355 

1, 166 

793 

1,787 

391 

1,226 

1,511 

55 

173 

1,071 

1,199 

2,717 

1,609 

1,736 

126 

24 

727 

1.681 

2,312 

18 

2,113 

2,101 

1,548 

2,474 

1,508 

94 

26 

2,18! 

2,198 

Oil 

1,599 

2,179 

930 

020 

30 

100 

101 
102 
103 
104 
105 

106 

107 

108 
109 
110 

111 
112 

113 

115 
116 

117 

118 
119 
120 
121 
122 
123 

125 

1 

126 

127 

128 

i       129 

130 

131 

1 

132 

133 

i       134 

135 
136 

S               

T.  R 

121 

124 

86 

64 

27 

86 

205 

132 

91 

113 

122 

77 

47 

182 

178 

12 

4 

132 

133 

116 

116 

57 

134 

51 

81 

43 

51 

57 

23 

41 

8 

17 

19 

16 

22 

35 

40 

15 

5 

3 

6 
50 
50 
33 
17 
17 
15 

47 

47 

2 

60 

24 

45 

27 

36 

32 

8 

9 

5 

''     9 
9 

10 

11 

7 

5 

2 

5 

15 

17 

34 

57 

1.50 

193 

71 

67 

12 

14 

12 

8 

32 

48 

166 

141 

81 

29 

70 

25 

38 

38 

107 

77 
40 

23 

804 

804 

945 

551 

411 

948 

2,  365 

1,949 

515 

1,769 

1,746 

1,205 

584 

3.051 

2, 904 

115 

47 

561 

,591 

2,  288 

2,200 

737 

1,560 

905 

1,316 

630 

416 

478 

1,53 

328 

93 

170 

124 

160 

176 

160 

245 

113 

46 

31 

60 

56 

601 

561 

159 

65 

46 

51 

8 

117 

120 

14 

725 

285 

484 

241 

450 

339 

42 

57 

36 

4 

71 

69 

111 

79 

1.50 

1.35 

34 

34 

5 

40 

131 

130 

540 

201 

1,410 

1,.583 

531 

505 

61 

49 

50 

14 

132 

263 

1,602 

1,358 

930 

451 

689 

238 

310 

3S3 

417 

719 

622 

139 

28 
928 
928 

1,031 
015 
468 

1,034 

2,  570 
2,081 

606 
1.882 
1,868 
1,282 

631 

3.  233 
3, 082 

127 

51 

693 

724 

2,404 

2,  400 

794 

1,  694 

956 

1,397 

073 

467 

.535 

176 

369 

101 

187 

143 

176 

198 

195 

285 

128 

51 

34 

67 

62 

651 

611 

192 

82 

63 

66 

15 

164 

167 

16 

785 

309 

529 

268 

486 

371 

50 

66 

41 

4 

80 

78 

118 

86 

160 

146 

41 

39 

7 

45 

146 

147 

574 

258 

1,  560 

1,776 

602 

572 

73 

63 

02 

22 

164 

311 

1,  768 

1,499 

1,011 

480 

750 

263 

34S 

421 

494 

826 

609 

179 

10 

16 

E 

102 

470 

C7 

E          .   ... 

T.  R  . 

W 

102 

470 

\V 

T.  R 

X         

109 

590 

N 

16  and  25 

1,160 

1,220 

520 

1,340 

1,  230 
151) 

1,330 

2,  060 
1,  440 

730 

700 

90 

910 

1,030 

150 

1.50 

530 

440 

620 

10 

1,010 

1,020 

1,820 

720 

800 

130 

40 

1,620 

1,  590 
710 
760 
340 
950 

3,  500 
3,  (iOO 

90 
10(1 
3,070 
100 
3,  020 
SO 

2,  9,V) 
300 

2,  680 
840 
830 

40 
4S0 
110 
390 
680 
950 
560 

20 
620 
610 

10 
390 
710 
390 
400 
750 
390 

E 

109     .                   .... 

490 

6S 

16  and  2S 

W         

102 

120 

E 

25 

X.  and  S... 
IX         

103.. 

1,310 

N 

16  and  28 

106 

720 

69 

16  and  2S 

S 

106 

450 

E      

T.  R 

\r:" 

T.  K.               

370 

X 

16 

X.  and  S... 

108 

1,850 

70 

E 

16 

108 

1  010 

W 

18 

<S               -   - 

108  .   . 

740 

N 

16 

E 

X 

S.  A 

108     . 

280 

71 

S 

16 

2  760 

w 

T.  R 

s 

108 

2,  680 
70 

N.. 

16 

)E 

T.  R 

16... 

\V 

T.  R                

.50 

72 

E      

T.  R 

/E 

110 

600 

W 

T.  R 

iw 

110                               .  . 

600 

s 

16.. 

X 

1- V 

3,  630 

3,550 

480 

73 

E 

26 

s 

1-A 

W 

26 

\v 

T.  R.  .                 .  .  . 

N. 

T.  R . 

X.  and  S... 
N 

3-A 

1, 650 
I  260 

74 

E.. 

IS 

18 

W 

18 

E 

18  and  28 

l'  510 

75 

E.and  \V. 
N.. 

18.... 

W 

T.  R 

'ooo 

25 

X 

S.  A 

S.  A 

240 

76 

S 

25 

s 

290 

w 

HI. 

w 

T    R 

60 

X 

T.  R 

N.  and  S.. 

N 

S.  \ 

240 

77 

25.... 

T.  R                      

140 

E 

25 

S 

T.  R 

110 

N.- 

25 

E      -.  . 

T.  R                          

60 

78 

S 

25 

W 

T.  R 

100 

E 

107 

Inw 

N 

T.  R 

70 

79 

E.and  W. 

26 

T.  R 

80 

28 

IE 

S.  A      . 

190 

s 

28. 

W 

T.  R 

110 

80 

E 

T.  R 

N 

T.  R 

20 

\V 

T.  R 

S 

T.  R 

30 

X.- 

28 

|E 

T.  R 

60 

T.  R 

W 

S.  A 

60 

81 

E      

28 

n 

S.  K 

180 

W._ 

T.  R 

s 

S.  .\ 

N 

28 

IE 

S.  A 

S.  A 

S.  A- 

130 

82 

S« 

S.  A 

\V     .... 

80 

E« 

X._ 

28 

X 

50 

28.. 

1S 

S.  A 

80 

83 

s 

w 

28.... 

w 

S.  A. 

10 

T.  R 

n 

{s 

.S.  A... 

.S.  A... 

140 

X.. 

28.... 

140 

85 

s 

T.  R 

E      .. 

T.  R 

10 

w 

28 

N.. 

116 

580 

N^   -   . 

28 

1S- 

T.  R 

250 

s 

28 

w 

116     

380 

86 

E 

S.  A    - 

X 

T.  R 

210 

W 

T.  R 

^s 

115         

410 

N 

32 

E 

115 

2.50 

87 

S  .. 

32 

X.. 

T.  R        

80 

E 

32  (old) 

i^ — 

S.  A 

T.  R        . 

120 

X 

32 

60 

88 

s 

32 

X 

T.  R 

10 

E 

T.  R.  . 

•^E... 

T.  R                   .     . 

100 

X 

32 

\V... 

T.  R 

90 

89 

s 

32 . 

N.. 

T.  R 

160 

w 

3-A . 

I.S 

|E  .. 

S.  A 

S.  A      . 

90 

X 

S.  A 

170 

s 

32. 

500 
800 

1,300 
440 

1,220 

1,  590 

SO 

170 

1,010 

1,130 

1,900 

1,190 

1,2.50 

120 

30 

040 

2,  100 
2,  720 

10 

1.63(1 

1,630 

020 

1,.59(1 

1,110 

7(1 

10 

2,470 

2,  130 

460 

1,840 

2,  270 

W. 

S.  A.. 

120 

90 

IE 

103 

X   . 

T.  R 

40 

W 

32  and  103 

^s 

T.  R 

40 

X 

S.  A 

E... 

T.  R 

91 

^K 

101     .. 

N 

S.  \ 

30 

\V 

101 

iS. 

112. ., 

112  

120 

X 

T.  R 

E.. 

110 

s 

T.  R 

E.  and  W. 
S 

112 

610 

92 

E 

101 

T.  R 

280 

w 

101 

■'e  . 

S.  A 

1, 120 

93 

E.and  W.. 

N 

101 

W 

S.  A.. 

1,280 

101 

X 

10-.\    . 

570 

91 

|s 

101 

{^ 

lO-.V 

540 

E 

T.  R 

w 

T.  R 

60 

X         

T.  R 

N 

S.  A 

S.  A. 

50 

s 

S    A 

\S 

60 

95 

|E      

101 

E 

T.  R 

W 

101 

X.. 

T.  R 

110 

X        

T.  R     .  .   . 

.S 

T.  R 

220 

96 

E 

101 

E.. 

114. 

1, 190 

W 

101         .       . 

W.. 

114 

1,020 

N 

108 

N. and  S.. 

X.  . 

.S.  A.. 

200 

97 

{S  - 

101  and  108    . 

T.  R 

250 

E 

101.. 

T.  K 

s 

S    \ 

370 

X 

K 

\V. 

s\v 

E.and  W.. 
X 

T.  R     . 

MO 

s 

T.  R 

.>^.  A 

T.  R 

270 

98 

E      

lOl-.A.     ..  . 

30 

W... 

lOl-.A. 

.S.  A - 

S.  A 

4S0 

s 

S.  A      ... 

500 

99 

|e 

101-C 

101-C 

E 

S.  A 

T.  R 

490 

w 

140 

*  Less  than  1  per  day. 

•  Route  28  under  construction  for  a  distance  of  3.' 


miles  during  1931  survey.    Traffic  was  detoured  south  over  State-sid  route  to  route  102  cinring  this  time. 
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Table  3. — Comparison  of  motor  vehicle  traffic  at  New  Hampshire 
traffic  survey  stations  in  1931  with  forecast  for  lOSl  based  on 
surrey  in  1926 — Continued 


(Continued  from  p.  130) 
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CEMENT  CONCRETE  GIVES 

GOOD  SERVICE  ON  CONNECTICUT 

AVENUE  EXPERIMENTAL  ROAD 

Three  sections  of  the  Connecticut  Avenue  experi- 
mental road  (experiments  3,  4,  and  5,  north  of  Bradle_y 
Lane)  were  built  of  Portland  cement  concrete.  A  por- 
tion of  the  work  was  done  in  the  fall  of  1912,  and  the 
sections  were  completed  in  May,  1913.  The  photo- 
graphs shown  on  the  covers  of  this  issue  were  taken  on 
experiments.  The  back  cover  shows  the  method  used 
in  construction  and  the  appearance  of  the  pavement 
about  a  year  after  completion.  The  front  cover  shows 
the  appearance  of  a  typical  section  in  August,  1932. 

The  concrete  on  experiment  5  was  composed  of  a 
1:1/4:3  mix.  Gravel,  limestone,  and  trap  rock  were 
used  as  coarse  aggregate  in  difl'erent  sections  of  the 
experiment.  The  thickness  of  the  pavement  is  6  inches 
throughout.  The  cost  of  the  surface  was  142.29  cents 
per  scpiarc  yard.  In  1922  this  experimental  section 
was  surface-treated  with  a  hot  application  of  0.26 
gallon  of  refined  coal  tar  and  pea  gravel.  This  mat 
surface  has  now  entirely  disappeared. 

The  subgrade  on  which  the  Connecticut  Avenue 
experimental  road  was  constructed  is  a  silty  loam  with 
varying  percentages  of  mica.  Excessive  mica  causes 
detrimental  elasticity  in  soils,  and  this  fact  may  account 
in  part  for  the  large  amount  of  cracking  which  has 
occurred  in  the  concrete  sections. 

It  is  also  believed  that  defective  drainage  has  had  a 
great  deal  to  do  with  the  deterioration  of  the  concrete. 
In  February,  1929  (see  Public  Roads,  vol.  11,  No.  4, 
June,  1930),  immediately  after  a  heavy  rain,  it  was 
noted  that  a  considerable  voluiue  of  water  was  flowing 
to  the  surface  of  the  concrete  sections  through  the 
cracks.  This  condition  was  found  thi'oughout  the 
concrete  portion  of  the  experiment,  although  it  was 
most  severe  on  experiment  3.  It  was  also  observed  that 
the  sewers  were  not  receiving  any  flow  from  either  side 
drain  or  through  the  cross  drains.  Upon  digging  down 
into  the  French  drains  it  was  found  that  wherever  one 
of  the  utility  com])anies  had  made  a  cut  through  the 
drain  line,  it  had  failed  to  replace  either  tile  or  stone 
and  had  backfilled  the  trench  with  earth,  thereby 
efi'ectively  destroying  the  drainage  system.  It  was 
learned  from  the  records  of  the  sanitary  commission  that 
most  of  the  service  connections  were  made  in  1922.  It  is 
also  a  fact  that  the  cost  of  maintaining  the  concrete  sec- 
tions has  materially  increased  since  that  year.  The  total 
cost  of  maintenance  to  date,  including  the  surface  treat- 
ment in  1922,  amounts  to  37.71  cents  per  square  yard. 

The  concrete  portion  of  the  Connecticut  Avenue 
experimental  road  can  not  be  regarded  as  a  particularly 
successful  example  of  concrete  road  construction  even 
for  the  early  day  in  which  it  was  built;  and  great 
advances  have  been  made,  in  both  knowledge  and 
technique,  since  that  time.  However,  in  spite  of  the 
excessive  cracking  in  some  areas,  the  pavement  is  still 
in  service  imder  an  average  traffic  of  about  3,000 
veliicles  per  day. 
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ROAD  IMPACT  PRODUCED  BY  A  HEAVY  MOTOR  BUS 

Reported  By  JAMES  A.  BUCHANAN,  Associate  Engineer  of  Tests,  United  States  Bureau  of  Public  Roads 

DETERMINATION    of    the    magnitude    of    the 
impact  forces  exerted  on  the  pavement  by  the 
wheels  of  motor  trucks  and  busses  has  been  tlic 
object  of  an  extended  series  of  investigations  by  the 
Bureau    of    PubUc    Jioads,    in    cooperation    with    the 
Rubber  Manufacturers'  Association  and  tlie  Society  of 
Automotive  Engineers.     In  the  course  of  these  investi- 
gations the  major  factors  wbich  alfect  the  magnitude 
of  such  impact  reactions  have   been    separately   and 
collectively  studied  both  in  the  field  and  in  the  labora- 
tory.    In  order   to   round 
out  tliis   research    a    final 
series    of    tests    has   been 
made  with   a   bus  chassis 
capable  of  carrying  heavy 
loads    at    liigh    speeds,  to 
anticipate,   in  some  meas- 
ure at  least,  the  trend  in 
operating    conditions    for 
several  years  to  come. 


PURPOSE  OF  THE  TESTS 

This  series  of  tests  was 
planned  with  three  objects 
in  mind.  First,  data  were 
desired  concerning  the 
magnitudes  of  the  impact 
reactions  produced  at  high 
operating  speeds  and  the 
relative  magnitudes  of  the 
shock  and  drop  types  of 
reaction   throughout     the 

full  range  in  speed  represented  by  modern  operating  con- 
ditions. iSecond,  more  complete  data  were  desired  con- 
cerning the  magnitude  of  the  reactions  developed  by  a 
considerable  number  of  severe  but  typical  roughness  con- 
ditions occurring  on  the  surfaces  of  highways  in  actual 
use.  Third,  data  were  desired  concerning  the  relation 
between  the  magnitude  of  reaction  and  the  frequency 
of  occurrence  for  the  full  range  of  surface  roughness  of 
highways.  The  data  obtained  in  these  tests  and  the 
conclusions  drawn  therefrom  are  presented  herewith. 

HEAVY-DUTY  BUS  SELECTED 

The  vehicle  selected  for  use  in  these  tests  was  a  240- 
inch  wheel-base,  heavy-duty  bus  chassis.  It  was  de- 
signed to  have  a  gross  weight  of  24,000  pounds,  and 
this  was  obtained  in  the  tests  by  placing  iron  weights 
on  a  special  platform  body,  as  shown  in  Figure  1. 
The  front-axle  load  was  8,000  pounds  and  was  carried 
by  9.75-24  inch  balloon  tires  throughout  the  tests. 
The  rear-axle  load  of  16,000  pounds  was  carried  on 
interchangeable  9.75-24  inch  dual  and  12.75-24  inch 
single  balloon  tire  equipments.  The  respective  tires 
were  inflated  to  pressures  recommended  by  the  Tire 
and  Rim  Association  for  the  capacity  load  carried.' 
The  vehicle  had  an  available  speed  range  of  0  to  80 
miles  per  hour.  The  average  unsprung  weight  at  the 
right  rear  wheel  was  1,817  pounds. 

STATIC  TESTS 

The  tires  were  subjected  to  the  usual  tests  under 
static  load  conditions.     The  curves  of  static  load  versus 

'  The  inflation  pressures  were  determined  with  a  calibrated  Bourdon-tube  pressure 
gage.     Frequent  observations  of  inflation  pressures  were  made  throughout  the  tests. 


CONCLUSIONS  DERIVED  FROM  BUS  IMPACT  TEST.S 

1.  With  balloon  tires  as  used  in  these  tests,  reactions  of 
about  three  times  the  static  wheel  load  may  be  encountered 
in  isolated  cases,  generally  where  pavement  failure  has 
already  occurred  and  repairs  are  necessary. 

2.  A  few  reactions  amounting  to  twice  the  static  wheel 
load  may  be  expected  for  each  mile  of  rough  surface. 

3.  The  frequent  reactions  for  rough  surfaces  amount  to 
about  1.5  times  the  static  wheel  load. 

4.  Even  the  smoothest  roads  produce  frequent  reactions 
of  from  1.1  to  1.2  times  the  static  wheel  load. 

5.  Concerning  the  maximum  reactions  produced  at  a  large 
number  of  individual  roughness  conditions,  the  general 
tendency  is  for  this  maximum  to  increase  in  a]:)proximate 
proportion  to  speed  up  to  about  40  miles  per  hour,  and  at 
speeds  greater  than  that  comparatively  slight  increases  in 
reaction  are  noted.  However,  occasional  roughness  con- 
ditions may  occur  where  the  maximum  reaction  developed 
at  20  or  30  miles  jier  hour  is  as  great  as  the  maximum  pro- 
duced by  the  majority  of  the  roughnesses  at  only  the  higher 
speeds. 


vertical  deformation  for  the  single  and  dual  tire  equip- 
ments used  on  the  rear  wheels  are  given  in  Figure  2. 
It  has  been  the  experience  throughout  all  the  tests 
that  dual  tires  of  a  given  type  are  somewhat  less 
cushioning  than  single  tires  of  the  same  type  and  of 
corresponding  carrying  capacity.  The  reason  for  this 
is  found  in  tlic  rcsi)ective  cross-sectional  dimensions  of 
the  two  types  of  mounting.  A  single  tire  has  greater 
sectional  depth  than  dual  tires  of  the  same  type  and 
carrying  capacity.     This  greater  depth  permits  greater 

vertical  deformations 
which  decrease  the  abrupt- 
ness of  velocity  changes  or 
accelerations  imparted  to 
the  axle  and  correspond- 
ingly decrease  the  dynamic 
components  of  the  impact 
reactions. 

In  Figure  3  data  are  given 
concerning  the  areas  of  con- 
tact between  the  tires  and 
a  plane  reacting  surface  un- 
der static  loads.  The  area 
of  contact  is  taken  as  the 
entire  area  within  the  out- 
line of  the  impression.  The 
broken  line  in  this  figure 
represents  the  entire  area 
under  the  influence  of  the 
dual  tires.  This  gross  area 
was  obtained  by  multiplj-- 
ing  the  length  of  a  given 
contact  impression  by  the  center  to  center  spacing  of 
the  dual  tire  mounting  and  adding  to  tliis  product  the 
contact  area  for  one  of  the  tires  in  the  dual  mounting. 
Data  concerning  the  static  tests  of  the  tires  are  given 
in  Table  1.  The  areas  of  contact  are  included  because 
they  have  a  bearing  on  the  stresses  developed  within 
the  pavement  structure. 

Table  1. — Daia  from  sialic  tesls  of  tires 

Tiresize inches.-  9.75-24     12, 

Mounting Dual. 

Plies 10 

Rim  size inches__  24  x  8 

Dual  spacing do 12 

Inflation  pressure lbs.  persq.  in..  63 

Vertical  deformation : 

8,000-pound  wh<-el  load inches..  1.  23 

16,000-i)ound  wheel  loafl do 2.  17 

24,000-pound  wheel  load do 3.  08 

Gross  contact  area  -: 

8,000-pound  wheel  load scp  ins   .  192 

16,000-pound  wheel  load do 282 

24,000-pound  wheel  load do 354 

Average  unit  pressure  based  on  gross  con- 
tact area : 

8,000-pound  wheel  load. lbs.  per  aq.  in..  42 

16,000-pound  wheel  load do 57 

24,000-pound  wheel  load do 68 
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16 

24  X  11 

90 

1.  49 

2.  62 

3.  72 
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87 

99 
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INSTRUMENTATION   DESCRIBED 

As  in  former  tests,  the  method  of  determining  the 
magnitudes  of  the  impact  forces  was  to  measure  the 
accelerations  imparted  to  a  rear  wheel  by  means  of 
contact-type   accelerometers   rigidly    mounted   on    the 

'  Gross  contact  area  for  dual  tires  includes  area  between  the  tires.     It  is  obtained 
by  multiplying  the  contact  length  by  the  dual  spacing  and  adding  the  area  of  contact 
'  of  a  single  tire. 
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Figure  1. — The   Bus   Chassis    as    Used    in   the    Tests, 
Showing  the  Arrangement  of  100-Pound  Weights 
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VERTICAL     DEIFORMATION  -INCHES 
S    •   SINGLE     I2  75-2'1  INCH    BALLOON.  90  POUNDS  PER    SQUARE    INCH    INFLATION. 
D    -   DUAL  <J  75-24  INCH    BALLOON.  63  POUNDS  PER    SQUARE    INCH    INFLATION 

Figure  2. — Static  Load-Deflection  Curves  of  the  Tires 
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Figure   3. — Static   Load-Contact  Area   Curves   of   the 

Tires 

rear  axles  at  the  saddle  which  received  the  vehicle 
spring.  The  principle  involved  in  the  use  of  these 
contact  accelerometers  is  briefly  described  as  follows: 

A  pivoted  weight  or  inertia  element  is  restrained 
from  oscillation,  except  through  a  minute  arc,  by  two 
adjustable  screws  which  also  constitute  electric  con- 
tacts.    A  calibrated  cantilever  spring  is  attached  to 


the  pivoted  weight.  This  spring  is  deflected  known 
amounts  by  a  micrometer  adjustment  at  its  outer  end. 
The  pressure  imposed  on  the  spring  causes  the  inertia 
element  to  exert  a  known  force  against  one  of  the  con- 
tact stop  screws.  The  accelerometer  unit,  being 
rigidly  fastened  to  the  vehicle  axle,  receives  the  accelera- 
tions imparted  to  the  axle.  When  the  product  of  the 
imparted  acceleration  and  the  mass  of  the  inertia  ele- 
ment is  a  force  greater  than  the  force  due  to  the  de- 
flected cantilever  spring,  the  inertia  element  will  break 
away  from  one  contact  stop  screw,  travel  not  more  than 
two-thousandths  of  an  inch  and  make  contact  with  the 
other  contact  stop  screw.  Whether  or  not  this  move- 
ment takes  place,  i.  e.,  whether  or  not  the  imparted 
acceleration  exceeds  the  acceleration  corresponding 
to  a  given  deflection  at  the  micrometer  adjustment  of 
the  cantilever  spring,  is  determined  by  an  autographic 
record  or  by  means  of  a  telephone  circuit. 

The  10-element,  autographic,  contact-type  acceler- 
ometer was  fully  described  in  an  earlier  report  on  impact 
tests  which  appeared  in  the  April,  1931,  issue  of 
Public  Roads.  This  instrument,  which  is  shown  in 
Figure  4,  was  used  in  the  tests  involving  artificial  ob- 
structions   and    natural    roughness    conditions.     Be- 


Figure  4. — The  10-Eli;mi.\  i  Vr  i  mckaphic  Contact  Accel- 
erometer Mounted  at  'ihe  Kkar  Wheel.  The  Open 
Cover  Shows  the  Method  of  Drawing  Special  Paraf- 
fin-Coated Paper  Beneath  the  Styli  Attached  to 
the  Accelerometer  Elements.  The  Flexible  Shaft 
AT  the  Right  Contains  a  Cable  Driven  by  an  Elec- 
tric Motor 

cause  of  the  great  length  of  records  which  woula  have 
been  involved,  the  autographic  instrument  was  not 
used  in  the  tests  conducted  over  the  half-mile  lengths 
of  typical  road  surfaces.  For  these  latter  tests  a  single- 
element  contact  accelerometer  recording  through  tele- 
phones was  used. 

The  single-element,  telephone-recording  instrument, 
which  is  shown  as  used  in  the  tests  in  Figure  5,  was  de- 
scribed in  the  July,  1930,  issue  of  Public  Roads,  in 
an  article  dealing  with  the  instrumentation  involved 
in  motor  vehicle  impact  tests.  There  was  the  following 
modification  in  the  method  of  obser\dng  the  action  of 
the  single-element  accelerometer.  The  telephone  cir- 
cuit was  arranged  with  three  head  sets  in  parallel  which 
were  used  by  three  observers  simultaneously.     In  this 
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Figure  5. — The  Single-Element  Contact  Accelerome- 
TER  Mounted  on  the  Yoke  which  is  Bolted  to  the 
Rear  Axle  at  the  Spring  Pad 

way  a  check  was  obtained  on  the  counts  of  the  number 
of  times  an  acceleration  of  a  given  magnitude  was 
imparted  to  the  axle  during  the  course  of  a  test  run. 
By  maldng  a  number  of  runs  for  which  the  acceleration 
setting  was  successively  increased  until  no  response 
was  recorded,  the  desired  data  on  acceleration  versus 
frequency  of  occurrence  were  readily  obtained  for  each 
road  test  condition. 

The  impact  force  was  obtained  in  the  usual  manner 
by  multiplying  the  mass  of  the  unsprung  weight  at  the 
rear  wheel  by  the  acceleration  as  determined  in  eacii 
test  and  adding  to  tliis  product  (which  is  the  dynamic 
increment)  the  static  weight  on  the  wheel. ^  The  flexing 
of  the  vehicle  spring  above  or  below  its  static  load  posi- 
tion may  cause  minor  variations  of  the  actual  total 
force  from  the  force  as  computed  by  this  method.  It 
has  been  pointed  out  in  the  earlier  publications,  how- 
ever, and  justified  by  experimental  evidence,  that  the 
compUcation  of  the  test  procedure  involved  in  securing 
data  to  make  a  correction  for  this  variation  is  not  war- 
ranted by  the  nature  of  the  tests.  The  average  pres- 
sure exerted  by  the  spring  is  approximately  that  of  the 
static  load  position.  The  contact  accelerometer  is  not 
particularly  adapted  to  the  task  of  obtaining  a  simul- 
taneous record  of  the  flexing  of  the  vehicle  spring,  and, 
in  the  interest  of  simplification  of  instrumentation  and 
test  procedure  such  corrections  have  not  been  made. 

What  the  nature  of  the  corrections  would  be  in  the 
case  of  the  artifical  obstructions  has  been  clearly  indi- 
cated by  the  truck  impact  tests  described  in  Public 
Roads,  volume  7,  No.  4,  June,  192G.  In  these  tests  the 
sprung  component  of  the  impact  force  was  measured. 
In  the  case  of  shock  it  appears,  from  both  theory  and 
observation,  that  the  maximum  impact  takes  place  at  a 
point  when  the  axle  is  only  slightly  lifted  above  its 

'  This  is  expressed  by  tiie  equation 
F=mA+L, 
in  which  F=total  vertical  reaction  per  rear  wlieel. 

•m=mass  of  unsprung  weight  per  rear  wheel. 
v4= acceleration  imparted  to  unsprung  mass. 
i=static  load  on  pavement,  per  rear  wheel. 


normal  rolling  position,  and  for  this  reason  the  increase 
in  spring  pressure  under  shock  conditions  is  negligible. 

In  the  case  of  drop  after  striking  an  artificial  obstruc- 
tion it  was  found  that  in  ])ractically  all  cases  the  spring 
j)ressure  was  reduced  below  its  value  under  static 
conditions.  The  explanation  of  this  phenomenon 
appears  to  be  about  as  follows.  The  body,  as  a  result 
of  the  force  applied  by  the  shock,  starts  upward  in  a 
swing  which  is  of  relatively  long  duration  comjjared  to 
the  more  violent  oscillations  of  tlie  axle.  At  the  instant 
of  maximum  drop  impact  the  body  has  very  likely  not 
returned  to  its  static  level.  At  the  same  time  the  a.xle 
has  been  depressed  below  its  static  position  by  an  amount 
ef(ual  to  the  increased  deflection  of  the  tire  under  the 
drop  impact.  The  result  is  a  reduction  of  the  spring 
pressure.  With  very  light  loads  it  has  been  found  that 
this  parting  of  the  wheel  and  body  is  at  times  so  great 
as  to  put  the  spring  in  tension.  With  heavy  loads,  sucli 
as  those  used  in  the  bus  tests,  this  docs  not  occur,  but  a 
considerable  reduction  of  the  spring  pressure  may  take 
place. 

Had  the  spring  deflections  been  measured  in  the  tests 
with  artificial  obstructions  the  impact  forces  shown  in 
Figures  6  and  7  would  haye  been  less  than  those  plotted. 
In  the  case  of  natural  obstructions  it  is  impossible  to 
determine  in  what  phase  of  their  relative  motion  the 
sprung  and  unsprung  masses  may  be  at  the  instant  of 
impact.  The  spring  pressure  under  static  load  has 
therefore  been  taken  as  representing  a  fair  average  for 
all  road  conditions. 

TESTS  INVOLVING  ARTIFICIAL  OBSTRUCTIONS 

The  data  obtained  in  that  portion  of  the  tests  which 
involved  the  artificial  obstructions  are  given  in  Figures 
6  and  7.  In  addition  to  yielding  information  concerning 
the  relative  magnitudes  of  shock  and  drop  reactions  at 
speeds  up  to  75  miles  per  hour  these  tests  serve  as  a 
tie-in  to  the  earlier  impact  investigations  where  arti- 
ficial obstructions  were  used  on  an  otherwise  smooth, 
level  road  surface. 

Three  steel  obstructions  were  used.  The  \%  by  30 
inch  inclined  plane  and  the  V/i  by  12  inch  rectangular 
obstruction  were  the  same  as  those  used  in  previous 
tests,  while  the  1  by  12  inch  rectangular  obstruction 
was  introduced  in  these  tests.  The  method  of  securing 
them  in  place  was  by  bolting  them  to  nuts  sot  in  the 
concrete  pavement,  and  only  one  obstruction  was  placed 
on  the  road  at  any  time.  Data  for  both  shock  and  drop 
conditions  were  taken  with  all  three  obstructions. 

The  tests  involving  the  use  of  artificial  obstructions 
were  made  on  a  completed  section  of  the  Mount  Vernon 
Memorial  Highway  before  it  was  opened  to  general 
traffic.  It  was  fortunate  that  a  portion  of  this  smooth, 
wide  highway  could  be  made  available  for  this  work  and 
provisions  made  for  controlling  all  other  traffic  while 
the  tests  were  in  progress.  The  vehicle  used  had  a 
gross  weight  of  12  tons  and,  although  speeds  of  about 
80  miles  per  hour,  or  120  feet  per  second,  were  attained, 
the  tests  were  conducted  without  danger  to  life  or 
property. 

In  Figure  6  the  data  are  given  for  the  tests  with  the 
dual  9.75-24  inch  balloon  tires  over  the  three  artificial 
obstructions  and  Figure  7  gives  the  corresi)onding  data 
for  the  single  12.75-24  inch  balloon.  The  inflation 
pressures  were  maintained  at  63  and  90  pounds  per 
square  inch,  respectively,  in  these  and  all  subsequent 
tests. 
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Figure  6. — Impact  Tests  with  Artificial  Obstructions 
AND  Dual  9.75-24  Inch  Balloon  Tires  at  63  Pounds  per 
Square  Inch  Inflation 

These  data  show  the  distinct  tendency  for  the  curves 
representing  shock  reactions  to  flatten  out  at  the  higher 
speeds.  It  is  significant  that  the  shock  reactions  do 
not,  even  at  a  speed  of  75  miles  per  hour,  reach  magni- 
tudes as  great  as  those  reached  by  the  corresponding 
drop  reactions  at  speeds  between  20  and  40  miles  per 
hour.  This  relation  leads  to  the  important  conclusion 
that,  in  so  far  as  artificial  obstructions  such  as  these  are 
concerned,  the  reactions  of  a  motor  vehicle  wheel 
equipped  with  balloon  tires  tend  to  reach  a  maximum 
value  at  a  speed  between  20  and  40  miles  per  hour. 

In  connection  with  this  discussion  of  the  tendency  for 
shock  reactions  to  approach  a  maximum  value  as  the 
speed  is  increased,  it  is  noted  that  the  maximum  shock 
is  reached  with  the  1-inch  rectangular  obstruction  at  a 
lower  speed  than  is  the  case  with  the  l}^-inch  obstruc- 
tion. This  is  in  accord  with  the  discussion  of  the  theory 
underlying  this  phenomenon  as  brought  out  in  the  Apnl, 
1931,  issue  of  Public  Roads.  When  an  obstruction  is 
encountered  by  a  tire  in  its  travel  over  a  road  surface 
there  is  a  tendency  for  the  tire  to  envelop  the  obstruc- 
tion hy  a  local  deformation  of  the  cushioning  nuiterial. 
As  the  speed  increases  the  time  during  which  a  given 
obstruction  is  passing  under  the  tire  is  decreased.  If 
the  obstruction  is  not  too  large  and  the  tire  has  sufficient 
cushioning  qualities,  then  at  some  speed  the  tire  will 
substantial!}^  absorb  the  roughness  condition  without 
appreciably  elevating  the  vehicle  axle.  The  curve 
representing  the  shock  reaction  will  increase  up  to  that 
critical  speed,  and  any  increase  in  speed  beyond  the 
critical  speed  will  show  little  or  no  increase  in  shock 
reaction  for  the  given  obstruction  and  tire  equipment 
conditions.  On  the  other  hand,  when  the  axle  is  raised 
as  the  result  of  a  shock  reaction,  there  is  a  corresponding 
and  ensuing  drop  reaction.  If  the  elevation  of  the  axle 
due  to  shock  gradually  decreases  with  increases  of  speed, 
then  the  corresponding  drop  reaction  will  proportion- 
ately decrease. 
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Figure  7. — Impact  Tests  with  Artificial  Obstructions 
AND  Single  12.75-24  Inch  Balloon  Tires  at  90  Pounds 
Per  Square  Inch  Inflation 

In  theory  this  elevation  of  the  axle  will  approach  zero 
as  a  limit  when  the  speed  is  indefinitely  increased.  If 
this  theoretical  limit  were  ever  reached  the  correspond- 
ing drop  reaction  would  necessarily  be  zero.  However, 
within  the  practical  working  limits  defined  by  these 
tests,  it  appears  that  when  the  shock  reaction  ap- 
proaches a  maximum  for  a  given  obstruction  and  tire 
the  elevation  of  the  axle  due  to  shock  approaches  a  con- 
stant value  as  evidenced  by  the  approach  of  the  corre- 
sponding drop  reaction  to  a  constant  value  of  relatively 
low  magnitude. 

Figures  6  and  7  bring  out  two  other  interesting  facts. 
One  is  that  an  inclined  plane  of  the  dimensions  of  that 
used  in  the  tests  can  produce  appreciable  shock  reac- 
tions at  high  speeds.  The  other  supports  a  conclusion 
drawn  in  earlier  reports  that  the  impact  reactions 
developed  by  dual  tires  are  slightly  greater  than  those 
developed  by  single  tires  of  the  same  type  and  having 
the  same  capacity  as  the  duals. 

TESTS  INVOLVING  NATURAL  OBSTRUCTIONS 

The  natural  obstructions  used  in  the  second  phase  of 
the  program  represent  the  worst  which  could  be  found 
at  places  where  reasonable  speeds  could  be  attained  in 
an  area  of  more  than  1 ,100  square  miles,  involving  about 
400  linear  miles  of  primary  and  secondary  roads  in  the 
vicinity  of  Washington,  D.  C.  Tests  were  conducted 
at  28  locations  throughout  the  full  range  of  safe  speeds 
possible  at  each.  The  load  condition  was  the  same  as 
in  the  tests  involving  artificial  obstructions.  The  dual 
9.75 — 24  inch  tires  were  used  in  tests  at  all  locations, 
and  in  one  case  (fig.  22)  additional  tests  were  made 
with  the  single  12.75-24  inch  tire. 

As  some  of  the  tests  over  the  natural  obstructions 
were  made  at  speeds  considerably  in  excess  of  the  legal 
limit,  a  special  police  detail  of  trained  officers  was  made 
available  to  direct  and  control  traffic  in  order  that  the 
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Figure  8. 


-Impact  Reactions  Produced  on  a  Concrete 
Pavement  at  a  Heaved  Joint 
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Figure  9. — Impact   Reactions  Produced  on   a   Water- 
bound  Macadam  Road  by  Corrugated  Surface 


high  speeds  might  be  safely  attained.  This  courtesy 
was  extended  through  the  cooperation  of  the  State 
roads  commission  and  the  commissioner  of  motor 
vehicles  of  the  State  of  Maryland. 

The  data  obtained  in  tests  at  16  of  the  natural  ob- 
structions have  been  selected  as  representative  and  arc 
presented  in  Figures  8  to  23,  inclusive.  These  figures 
show  the  relation  between  the  magnitude  of  the  maxi- 
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Figure  10. — Impact   Reactions   Produced  at  a    Rough 
Bituminous  Patch  on  a    Concrete    Pavement 
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Figure  11. — Impact  Reactions  Produced  on  a  Con- 
crete Road  by  a  Heave  at  a  Joint  Partly  Repaired 
WITH  Bituminous  Material 

mum  impact  reaction  (whether  shock  or  drop)  and  the 
vehicle  speed  as  devolo])cd  by  the  test  bus  at  each  of 
these  very  rough  ])laces  in  the  highway  surfaces. 

The  character  of  the  surface  at  each  location  is  shown 
by  both  a  photograph  and  a  profile  taken  along  the 
path  traversed  by  the  right  rear  wheel  of  the  test 
vehicle,  which  passed  from  left  to  right  along  the  road 
surface   as   shown.     The   photograph   gives   a  general 
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Figure  12. — Imp.\ct  Re.\ctions  Produced   .\t  a   He.aved 
Joint  on  a  Concrete   Pavement 
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Figure  13. — Impact  Reactions  Produced  on  a  Con- 
crete Bridge  by  the  Sharp  Rise  to  the  Bridge  from 
A  Road  at  a  Lower  Grade 

picture  of  the  rough  spot.  The  straightedge,  to  be  seen 
in  most  of  the  photographs,  is  4  inches  in  height  and 
12  feet  long,  and  is  marked  off  in  1-foot  intervals 
throughout  its  length.  The  shadow  thrown  on  the 
pavement  by  this  straightedge  gives  an  excellent  idea 
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Figure  14. — Impact  Reactions  Produced  on  a  Bitumi- 
nous Pavement  by  Settlement  of  Back-fill  Over  a 
Culvert  Pipe 
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Figure  15. — Impact  Reactions  Produced  on  a  New  Con- 
crete Bridge  by  Settlement  of  Fill  Under  Concrete 
Approach 

of  the  roughness  of  the  road  surface.  The  profiles, 
shown  to  a  greatly  distorted  scale,  are  intended  to  give 
the  details  of  the  surface  for  engineering  purposes  rather 
than  a  "picture"  of  conditions  as  they  e.xisted.  This 
fact  should  be  kept  in  mind  whenever  an  attempt  is 
made  to  compare  the  size  or  shape  of  the  natural  rough- 
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Figure  16. — Impact  Reactions  Produced  on  a  Con- 
crete Road.  A  Heaved  Joint  has  been  Repaired 
WITH  Bituminous  Mixture,  but  the  Heaving  has 
Apparently  Continued 
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Figure  18. — Impact  Reactions  Produced  at  a   Bitu- 
minous Patch  in  a  Concrete  Pavement 
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Figure  17. — Impact  Reactions  Produced  on  a  Con- 
crete Pavement  at  a  Bad  Joint  which  has  been 
Patched  with  Bituminous  Mixture 

nesses  as  shown  on  the  profiles  with  that  of  the  artificial 
obstructions  used  in  the  first  part  of  the  program  of 
tests.  These  three  artificial  obstructions,  the  Iji  by 
30  inch  inclined  plane,  the  1};!  by  12  inch  rectangular 
obstruction,  and  the  1  by  12  inch  rectangular  obstruc- 
tion, are  shown  on  each  drawing  to  the  same  distorted 
scale  as  the  profiles  in  order  that  their  shapes  may  be 
compared  with  those  of  the  natural  obstructions. 
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Figure  19. — Impact  Reactions  Produced  o.v  a  Mac- 
adam Road  by  the  Unevenness  ok  the  Grade  at  a 
Bridge  Connection 

The  impact  force  |)roduccd  at  a  given  natural  ob- 
struction may  not  be  directly  comi)ara1)le  to  that 
developed  in  the  tests  with  the  artificial  obstructions, 
even  though  the  two  a])peiir  to  be  of  ap])roximately 
corresponding  dimensions.  The  sliape  of  the  artificial 
obstructions  is  conventional,  and  in  the  tests  they  were 
placed  on  an  extremely  smooth,  level  stretch  of  new 
concrete  pavement  which  had  a  very  flat  crown.    Dur- 
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''iGURE  20. — Impact  Reactions  Produced  on  a  Con- 
crete Road  at  a  Sharp  Vertical  Curve  at  the  Top 
of  a  Hill 
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Figure  22. — Impact  Reactions  Caused  by  the  Uneven 
Settlement  of  Fill  Under  a  New  Concrete  Pave- 
ment. The  Masonry  Underpass  of  a  Grade  Separa- 
tion Lies  Directly  Under  the  Hump  in  the  Grade 
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Figure   21.^ — Impact  Reactions  Produced  on  an  Oiled 
Gravel  Road  by  Corrugations  on  a  Steep  Grade 
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Figure  23. — Impact  Reactions  Produced  on  a  Hill 
Where  a  Concrete  Pavement  Has  Been  Exten- 
sively Patched  with  Bituminous  Mixture 
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ing  the  test  the  right  rear  wheel  ai)pr()ached  tlie 
obstruction  along  this  smooth  surface  and  at  the 
instant  of  contact  the  body  of  the  vehicle  and  the 
rear  springs  were  in  what  may  be  termed  the  normal 
rolling  position.  Even  during  the  impact  at  the  right 
rear  wheel,  the  other  three  wheels  were  passing  over 
smooth  pavement.  Under  such  conditions  the  influence 
of  the  road  surface  adjacent  to  the  artificial  obstruc- 
tions may  be  regarded  as  a  minimum  and  probably 
negligible.  In  the  case  of  the  tests  with  the  natural 
obstructions,  however,  such  is  not  the  case.  The 
obstructions  themselves  conformed  to  no  conventional 
design,  the  adjacent  pavement  was  more  or  less  uneven, 
the  crown  was  not  always  flat  nor  the  grade  level.  The 
profile  of  the  road  surface  was  even  different  under  the 
two  tires  of  the  right  rear  wheel,  an  extreme  case  of 
this  being  shown  in  Figure  9.  The  result  of  these 
complicating  factors  was  that  the  four  wheels  of  the 
vehicle  approached  the  natural  obstruction  over  a 
surface  that  was  not  smooth  and  at  tlie  instant  of 
contact  of  the  right  rear  wlieel  with  the  rough  place  in 
the  road  siu'face  the  position  of  the  vehicle  body  and 
the  state  of  compression  of  the  rear  springs  was  being 
influenced  by  what  had  occurred  and  was  occurring  at 
all  of  the  four  wheels  of  the  vehicle.  It  is,  therefore, 
to  be  expected  that  the  conditions  attending  the  tests 
with  the  natural  obstructions  nught  combine  to  exert 
a  considerable  influence  on  the  relation  between  the 
magnitude  of  the  impact  reaction  and  the  speed  of  the 
vehicle. 

Early  in  the  tests  involving  natural  obstructions  it 
was  indicated  that  the  segregation  and  identification 
of  shock  and  drop  types  of  reaction  would  necessitate 
an  undue  length  of  time  at  each  location.  As  the  magni- 
tude of  the  maximum  reaction  at  a  large  number  of 
rough  spots  was  of  greater  significance,  the  force 
measured  for  each  test  run  is  the  maximum  developed, 
whether  shock  or  drop  in  type.  However,  the  sliape 
of  the  force  versus  speed  curves  is,  in  many  instances, 
characteristic  of  the  drop  type  of  reaction  at  the  lower 
speed  range  and  characteristic  of  the  shock  type  at  the 
higher  speeds. 

The  data  from  the  tests  over  the  numerous  natural 
obstructions  evidence  considerable  variety  in  the  shape 
of  the  curves  showing  impact  force  as  influenced  by 
vehicle  speed.  Because  of  the  infinite  variety  of  the 
roughness  conditions  which  can  and  do  occur  on  the 
Irighways,  the  results  of  tests  involving  only  one  rough 
spot  or  type  of  roughness  condition  should  not  be  taken 
as  representative  of  the  reactions  which  may  occur.  So 
far  as  the  tests  involving  these  28  natural  obstructions 
may  be  considered  to  be  representative,  it  is  indicated 
that  the  maximum  reactions  developed  by  balloon 
tires  on  the  highway  are  of  the  same  order  as  the  maxi- 
mum reactions  developed  in  the  tests  with  artificial 
obstructions,  or  about  three  times  the  static  wheel  load. 
These  tests  also  show  that  the  maximum  reaction  on 
the  road  may  occur  at  nearly  any  operating  speed, 
depending  upon  the  particular  attributes  of  the  surface 
roughness  involved.  As  the  roughness  conditions  on 
the  road  possess  individual  characteristics,  each  one 
imique  with  respect  not  only  to  the  local  roughness  but 
to  the  general  profile  of  the  adjacent  road  surface  as 
well,  so  do  the  relations  between  impact  force  and 
vehicle  speed  show  corresponding  individuality. 

The  conclusion,  based  upon  results  of  tests  with 
artificial  obstructions  on  an  otherwise  smooth  and  level 
road,  that  the  reactions  may  reach  maximum  values 
between  20  and  40  miles  per  hour,  must  be  somewhat 


modified  wlien  the  i-esults  of  tests  involving  "natural" 
rough  spots  or  obstructions  are  considered.  In  a  few 
cases  the  reactions  caused  by  the  natural  obstructions 
which  were  used  do  actually  reach  maximum  values  at 
a  speed  of  40  miles  per  hour  or  less.  The  preponderant 
tendency,  however,  is  for  the  reactions  to  show  a  gen- 
eral increase  with  increases  in  speed. 
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Figure    24. — Composite  of   All    Data  Derived    from 
Tests    Involving  Severe  Natural  Obstructions 

A  better  concej)tioii  of  the  real  significance  of  the 
reactions  which  may  and  do  occur  as  a  result  of  rough 
spots  in  the  pavement  surface  may  be  obtained  by  refer- 
ring to  Figure  24,  in  which  the  data  from  all  tests  at 
the  28  locations  have  been  plotted  in  a  common  graph. 
In  this  figure  the  dotted  line  represents  the  envelope  of 
all  the  force  versus  speed  curves  for  the  individual  con- 
ditions. The  broken  line,  however,  more  nearly  repre- 
sents the  maximum  reactions  to  be  expected  through- 
out the  speed  range  covered  by  this  large  group  of  data 
for  natural  roughness  conditions.  Between  the  limits 
of  15  and  30  miles  per  hour  the  dotted-line  curve  is 
based  solely  on  points  plotted  from  data  which  repre- 
sent a  single  natural  roughness  condition.  (See  fig.  9.) 
The  general  trend,  as  indicated  by  the  broken  line,  is 
for  the  reaction  to  increase  up  to  a  speed  of  about  50 
miles  per  hour,  when  a  general  maximum  is  reached 
which  is  constant  up  to  70  miles  per  hour.  The  reac- 
tions, in  percentage  of  static  load,  indicated  by  the 
broken  line  as  maxima  to  be  ex])ected  as  a  result  of 
these  natural  obstruction  tests,  are  given  in  Table  2. 

Table  2. — General  maximum  reactions  produced  by  28  natural 
rough  spots  on  highways 


Speeil 

Impact 
reaction 

Ratio  of 
impact 
icaction 
to  static 
load 

Speed 

Impact 
reaction 

Ratio  of 
impact 
reaction 
to  static 
load 

Miles  per 
hour 
0 
10 
20 
30 

Pounds 
8,000 
11,000 
15,  200 
19,  000 

Per  cent 
100 
138 
190 
238 

Miles  per 
hour 
40 
50 
60 
70 

Pounds 
21,800 
23,  500 
23,  700 
23,  700 

Per  cent 
273 
294 
296 
296 

From  this  it  may  be  concluded  that  the  maximum 
reaction  which  a  heavy  vehicle  equipped  with  balloon 
tires  may  be  expected  to  produce  when  traveling  over 
a  large  number  of  natural  rough  spots  is  about  three 
times  the  magnitude  of  the  static  wheel  load,  and  that 
at  40  miles  ])er  hour  reactions  of  about  two  and  three- 
quarters  times  the  static  wheel  load  or  92  per  cent  of 
the  maximum  may  be  expected  to  occur. 

MAGNITUDE  OF  REACTION  VERSUS  FREQUENCY 

The  tests  concerning  the  magnitude  of  impact  reac- 
tion developed  versus  the  frequency  with  which  such 
forces  occur  on  actual  highways  were  made  on  14  typi- 
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cal  roads.  Seven  representative  surface  roughness  con- 
ditions for  each  of  the  concrete  and  bituminous  types 
of  construction  were  selected  in  the  same  area  in  the 
vicinity  of  Washington  in  which  the  natural  obstruc- 
tions were  found.  The  surface  roughness  of  the  seven 
roads  in  each  group  ranged  from  the  best  to  the  worst 
which  could  be  found  in  the  area  examined.  The 
length  of  each  test  section  was  one-half  mile  and  none 
of  the  natural  obstructions  which  were  used  in  the  tests 
previously  described,  or  any  other  exceptional  condi- 
tion, was  included  in  the  representative  test  sections. 
Tests  on  each  road  were  made  at  speeds  of  20,  30,  and 
40  miles  per  hour. 

These  roads  were  selected  in  the  following  manner: 
Witliin  the  area  surveyed  a  number  of  sections  were 
considered  to  be  of  sufficient  length  and  carrying  such 
volume  of  traffic  as  to  warrant  consideration  of  them  as 
representative    surfaces.     These    sections    were    then 
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examined  with  a  device  for  indicating  relative  road 
surface  roixghness.  This  roughness  indicator  was  de- 
scribed in  Public  Roads,  volume  7,  No.  7,  September, 
1926.  Although  this  instrument  can  not  be  said  to 
measure  the  actual  roughness  of  a  road  surface,  it  serves 
as  a  valuable  guide  in  determining  the  relative  rough- 
ness of  road  surfaces  and  it  was  so  used  in  this  investi- 
gation. Readings  were  taken  at  Ko-niile  intervals  over 
about  5  miles  on  each  section,  and  from  the  data  thus 
obtained  a  }2-mile  length  was  finally  selected  as  uniform 
and  representative  of  the  section.  It  is  interesting  to 
note  that  the  impact-frequency  curves  for  the  seven 
roads  of  each  type  arranged  themselves,  with  one  minor 
exception,  in  the  same  order  as  the  road  surfaces  were 
classified  with  the  relative  roughness  indicator. 

The  impact  frequency  tests  were  made  at  several 
speeds  to  avoid  the  arbitrary  selection  of  any  one  speed 
in  conducting  the  tests.     The  maximum  speed  was_40 


40  MILES    PER    HOUR 


Figure  25. — Curves  of  Magnitude  of  Impact  Reaction 
Versus  Frequency  of  Occurrence  for  Concrete  Road 
Surfaces 


TREOUENCY   or  OCCURRENCE- TIMES  PER   MILE 

Figure  26. — Curves  of  Magnitude  of  Impact  Reaction 
Versus  Frequency  of  Occurrence  for  Bituminous 
Road  Surfaces 
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Upper.— The  Smoothest  Concrete  Surface  Tested 
Lower.— The  Roughest  Concrete  Surface  Tested 


Upper. — The  Smoothest  Bituminous  Surface  Tested 
Lower.— The  Roughest  Bitujunous  Surface  Tested 
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Figure  27. — ^Examples    of    Roads    on    Which    Impact-Frequency  Tests  Were  Made 

miles  per  hour,  because  that  was  the  maximum  which 
could  be  maintained  conveniently  on  all  of  the  hall-mile 
test  sections  with  safety  and  it  was  within  legal  speed 
limits.  Higher  speeds  were  not  used  because  too  much 
time  would  have  been  wasted  in  awaiting  favorable 
traffic  conditions  to  make  the  entire  test  run  at  constant 
speed  without  weaving  in  and  out  of  traffic.  In  the 
previous  tests  involving  artificial  and  natural  obstruc- 
tions it  was  found  that  maximum  reactions  were 
reached  or  reasonably  approached  at  a  speed  of  40  miles 
per  hour.  Furthermore,  tests  conducted  at  this  speed 
are  representative  of  a  considerable  volume  of  normal 
traffic. 

The  force  versus  frequency  data  are  presented  in 
Figures  25  and  26.  There  is  very  little  difference 
between  the  ranges  of  impact-producing  roughness  of 
the  concrete  and  bituminous  pavements  tested.  The 
smoothest  surfaces  and  the  roughest  surfaces  of  each 
pavement  type  tested  appear  to  be,  respectively,  of 
comparable  orders.  In  Figure  27  photographs  of  the 
t)est  and  worst  sections  of  each  type  are  shown. 

In  Figure  28  the  data  are  rearranged  to  give  a  more 
generalized  picture  of  the  range  in  forces  pi-oduced  as 
influenced  by  the  frequency  of  occurrence  and  the 
veliicle  speed.  In  this  figure  curves  have  been  drawn 
representing  the  forces,  expressed  in  terms  of  static 
wheel  load,  produced  by  the  best  and  the  worst  surface 
conditions  of  the  roads  represented  in  the  tests. 

These  force  versus  frequency  data  indicate  that  the 
effect  of  speed  is  of  comparatively  little  .significance 
when  the  road  surface  is  reasonably  smooth.  Even  on 
the  smoothest  surfaces  reactions  of  from  110  to  125  per 
cent  of  the  static  wheel  load  occur  with  sudicient  fre- 
quency to  constitute  a  factor  which  should  be  considered 
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Figure  28. — The  Influence  of  Road  Surface  Condition 
ON  the  Impact  Force-Frequency  Relation 

in   pavement   design.     As   the   surface   roughness   in- 
creases the  frequency  at  which  a  given  impact  force 

(Continued  on  p.  151) 


EXTRA  WIDE  HIGHWAYS  ON  STATE  SYSTEMS 


THE  accompanying-  table  shows  the  extent  to  which 
the  construction  of  State  roads  having  more  tlian 
two  traffic  lanes  had  progressed  by  the  end  of  the 
calendar  year  1931.  A  total  of  3,790  miles  was  re- 
ported, of  which  2,230  miles  were  of  3-lane  width,  1,385 
of  4-lane,  S3  of  5-lane,  and  92  of  6  lanes  and  over. 

It  should  be  noted  these  figures  refer  to  rural  high- 
ways on  the  State  systems  only.  There  is  also  a  very 
great  mileage  of  city  streets  and  parkways  having  more 
than  two  lanes,  including  many  broad  traffic  arteries 
which  connect  with  the  State  systems  at  the  city  limits. 
No  figures  are  available  on  the  extent  to  which  the  coun- 


WiLKiNsoN  Boulevard,   Between  Gastoni.\  and  Char- 
lotte, N.  C. 

ties  have  participated  in  the  development  of  extra  wide 
surfaces. 

The  recently  completed  Mount  Vernon  Memorial 
Highway,  15  miles  long,  with  a  minimum  width  of  40 
feet,  is  under  the  jurisdiction  of  the  Federal  Govern- 
ment, and  is  therefore  not  included  in  the  mileage  re- 
ported for  Virginia. 

The  excess  of  3-lane  over  4-lane  roads  is  very  largely 
accounted  for  by  the  figures  from  the  State  of  New 
York,  which  reports  914  miles  of  3-lane  road  and  only 
185  miles  having  4  lanes.  Illinois,  in  contrast,  has  only 
7  miles  of  3-lane  roads  and  251  miles  with  4  lanes. 

The  results  of  a  cooperative  study  of  highway  traffic 
capacity  were  reported  by  A.  N.  Johnson,  clean.  College 
of  Engineering,  University  of  Maryland,  in  Public 
RoADs^  volume  13,  No.  3, 'May,  1932.  In  this  report 
it  is  stated  that  the  working  capacity  of  a  3-lane  road, 
defined  as  the  point  at  which  congestion  first  becomes 
apparent,  was  found  to  be  about  2,000  vehicles  per 
hour,  an  increase  of  approximately  100  per  cent  over 
that  of  a  2-lane  road.  The  working  capacity  of  a 
4-lane  road  was  found  to  be  about  3,000  vehicles 
per  hour.  Considerations  of  safety  may  influence  the 
choice  of  a  4-lane  width,  as  it  eliminates  the  conflict 
between  vehicles  on  the  single  passing  lane,  which 
may  be  an  appreciable  hazard  with  heavy  traffic  on  a 
3-lane  road. 

Only  175  miles  of  roads  having  more  than  four  lanes 
liave  been  built  on  the  State  highway  systems.  While 
such   broad   boulevards   are   not   uncommon   in   large 
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cities,  there  are  few  sections  of  State  highways  on 
which  the  traffic  justifies  the  construction  of  more 
than  four  lanes.  Even  when  there  is  sufficient 
volume,  as  in  the  case  of  a  road  connecting  two 
great  cities,  the  problem  of  distributing  traffic  at  the 
urban  terminals  of  a  6  or  8  lane  highway  is  very  diffi- 


40-FooT  Brick  Pavement  North  of  Akron,  Ohio 

cult.  It  is  very  often  preferal)le  to  open  up  an  alternative 
route  having  four  lanes  or  less. 

The  dual  road,  in  which  the  opposing  traffic  streams 
are  separated  by  parkway  or  car  tracks,  has  distinct 
advantages  from  the  standpoint  of  safety,  in  addition 
to  the  opportunities  for  landscape  treatment  afforded 
by  a  central  parkway.  The  increased  width  of  right 
oif  way  required  and  the  cost  of  improving  the  separat- 


DuAL  Highway  Between  Detroit  and  Ann  Arbor,  Mich. 

ing  strip  are  items  which  tend  to  retard  the  develop- 
ment of  the  dual  road.  Eighty-four  miles  of  this  type 
had  been  built  at  the  end  of  1931,  of  which  23  miles 
were  built  during  that  year. 

Of  the  3,790  miles  of  existing  extra-wide  highways, 
1,008  miles  were  built  in  1931.  Of  this  total,  388 
miles  were  of  3-lane,  600  of  4-lane,  and  20  of  greater 
than  4-lane  width.  It  is  apparent  that  the  trend  is 
toward  4-lane  rather  than  3-lane  highways  and  that 
designs  involving  more  than  four  lanes  are  not  finding 
much  favor  at  the  present  time. 
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STATE  AND  LOCAL  GOVERNMENTAL  AGEN- 
CIES EXEMPT  FROM  FEDERAL 
EXCISE  TAXES 

State  and  local  highway  officials  who  have  the  duty  of 
purchasing  gasoline,  lubricating  oil,  automobiles,  tires, 
or  other  articles  and  commodities  on  which  excise  duties 
were  levied  under  the  revenue  act  of  1932  may  be  inter- 
ested in  the  following  extracts  from  the  regulations  of 
the  Bureau  of  Internal  Revenue,  United  States  Treas- 
ury Department. 

From  Regulations  42,  relating  to  the  taxes  on  tele- 
graph, telephone,  radio,  cable  facilities;  transportation 
of  oil  by  pipe  line;  safe  deposit  boxes,  checks,  etc.;  and 
electrical  energy — 

Art.  19.  Services  rendered  to  the  United  States  or  to  any  State 
or  Territory  or  to  the  District  of  Columbia. — Telephone,  telegraph, 
cable  and  radio  dispatches,  messages,  and  conversations  relating 
to  Government  business,  which  originate  in  the  United  States 
and  which  are  a  charge  against  the  United  States,  the  District  of 
Columbia,  a  State,  or  Territory,  and  are  paid  from  the  funds 
thereof,  are  e.xempt  from  the  tax.  Messages,  conversations,  and 
dispatches  which  are  not  paid  from  such  funds  are  not  exempt 
from  tax,  even  though  they  relate  to  Government  business. 

The  words  "State"  and  "Territory"  include  political  subdi- 
visions thereof,  such  as  counties,  cities,  towns,  and  other  munici- 
palities. 

Art.  36  (in  partj.  *  *  *  f^e  checks,  drafts,  or  orders 
drawn  by  officers  of  the  United  States  or  of  a  State,  county,  or 
municipality,  or  of  a  foreign  government,  in  their  official  capac- 
ities, against  public  funds  standing  to  their  official  credit  and 
in  furtherance  of  duties  imposed  upon  them  bj^  law  are  not  sub- 
ject to  the  tax. 

Art.  41  (in  part).  *  *  *  Electrical  energy  furnished  to 
the  United  States  or  to  any  State  or  Territory,  or  political  sub- 
divison  thereof,  or  the  District  of  Columbia  is  exempt  from  tax. 

This  exemption  does  not  apply  to  paj^ments  for  electrical 
energy  for  domestic  or  commercial  consumption  furnished  by 
governmentally  or  municipally  owned  electrical  power  companies. 

The  exempt  agencies  must  establish  their  right  to  exemption 
by  submitting  the  necessary  evidence  to  the  person  furnishing 
the  electrical  energy. 

From  Regulations  44,  relating  to  the  taxes  on  lubri- 
cating oil;  brewer's  wort  and  malt  products;  grape 
products;  matches;  soft  drinks;  and  gasoline — 

Art.  9.  Exempt  sales  to  States  and  political  subdivisions  there- 
of.— If  articles  are  sold  directly  to  a  State  or  political  subdivision 
thereof  for  use  in  the  exercise  of  an  essential  governmental  func- 
tion, the  tax  does  not  attach,  but  sales  to  a  dealer  or  distributor 
are  taxable  even  though  the  manufacturer  has  knowledge  that 
the  articles  are  destined  for  ultimate  use  by  or  resale  to  a  State 
or  political  subdivision  thereof.  Sales  to  the  Government  of  the 
United  States,  the  District  of  Columbia,  or  a  Territory  or  pos- 
session of  the  United  States  are  taxable. 

From  Regidations  46,  which  deal  with  excise  taxes 
imposed  under  Title  IV  of  the  revenue  act  of  1932  on 
sales  by  the  manufacturer,  producer,  or  importer,  of 
tires  and  inner  tubes,  toilet  preparations,  furs,  jewelry, 
etc.,  automobiles,  motor  cycles,  etc.,  radio  receiving 
sets  and  phonograph  records,  mechanical  refrigerators, 
sporting  goods,  firearms,  shells,  and  cartridges,  cam- 
eras, candy,  and  chewing  gum — 

Art.  17  (in  part).  *  *  *  The  tax  does  not  attach  to  sales 
of  any  articles  to  States  or  political  subdivisions  thereof  to  be 
used  in  the  exercise  of  an  essential  governmental  function,  pro- 
vided such  sales  are  made  direct  by  the  manufacturer  to  a  State 
or  political  subdivision  thereof  without  anj'  intervening  sale  to  a 
dealer  or  distributor. 

The  claim  for  exemption  from  these  excise  taxes  is 
made  by  the  manufacturer  or  producer,  who  must  fur- 
nish the  Bureau  of  Internal  Revenue  with  satisfactory 
evidence  that  the  purchase  was  made  with  Govern- 
ment fimds  and  for  the  official  use  of  the  Government 
agencv  concerned. 


Articles  or  commodities  purchased  under  the  tax 
exemptions  outlined  above  must  not  be  resold  or  ap- 
propriated to  personal  use,  as  such  action  is  in  violation 
of  the  Federal  statutes  and  is  punishable  under  section 
1114  of  the  revenue  act  of  1926,  wliich,  as  stated  in 
Regulations  46,  article  73,  provides  that — 

any  person  who  willfully  fails  to  pay  or  collect  any  tax  due,  file 
return  or  keep  records,  or  who  attempts  in  any  manner  to  evade 
or  defeat  the  tax,  is  subject  to  a  fine  of  $10,000  or  imprisonment, 
or  both,  with  costs  of  ])rosecution,  and  is  also  liable  to  a  penalty 
equal  to  the  amount  of  the  tax  not  collected  or  paid. 


VITRIFIED  BRICK  ON  CONNECTICUT 
AVENUE  EXPERIMENTAL  ROAD 

Experiment  No.  6,  the  most  northerly  portion  of  the 
Connecticut  Avenue  experimental  road,  was  constructed 
of  vitrified  brick  on  a  foundation  of  1:3:7  gravel  con- 
crete. The  photographs  on  the  back  cover  of  this 
issue  show  the  method  of  construction  and  the  appear- 
ance of  the  surface  shortly  after  completion.  The 
front  cover  shows  the  condition  of  the  pavement  in  the 
summer  of  1932  after  19  years  of  service. 

The  entire  surface  was  constructed  during  the  spring 
of  1913.  On  the  concrete  foundation  a  cushion  of 
sand  was  spread,  rolled  with  a  300-pound  roller,  and 
struck  off  to  a  true  depth  of  2  inches.  The  brick  were 
laid  in  straight  courses  at  right  angles  to  the  curb,  and 
the  surface  was  rolled  with  a  5-ton  tandem  roller  until 
they  were  firmly  bedded  in  the  sand  cushion.  The 
joints  were  filled  with  two  applications  of  1:1  Portland 
cement  grout,  the  first  application  being  swept  into  the 
joints  and  the  second  squeegeed  over  the  pavement. 
Immediately  after  completion  of  the  grouting  sand  was 
spread  over  the  pavement  to  a  depth  of  one-half  inch 
and  kept  wet  for  seven  days.  This  procedure  differed 
from  modern  methods  in  the  thickness  of  the  sand 
cushion  and  the  use  of  cement  rather  than  bituminous 
grout  in  the  joints.  In  brick  pavements  to-daj^  the 
sand  cushion  is  seldom  more  than  1  inch  thick. 

Longitudinal  joints  were  provided  along  each  curb, 
but  no  transverse  expansion  joints  were  constructed 
and  the  ends  of  the  pavement  were  practically  ffxed. 

The  experiment  was  constructed  with  brick  obtained 
from  many  sources  and  of  widely  differing  characteris- 
tics. They  were  laid  in  14  subsections,  A  to  N.  The 
cost  of  the  surface,  including  the  concrete  base,  was 
$2.58  per  square  yard. 

Sections  K,  L,  M,  and  part  of  N  were  constructed 
over  a  heavy  fill  which  some  years  ago  settled  to  a 
considerable  extent,  causing  failures  in  the  overlying 
pavement  and  necessitating  heavy  repairs  during  1919, 
1920,  and  1922.  The  fill  has  continued  to  settle  and 
maintenance  costs  on  these  sections  have  been  high. 
Such  costs  are  not  properly  chargeable  to  surface 
maintenance  and  have  not  been  included  in  the 
computations  of  maintenance  charges. 

A  foundation  failure  occurred  also  at  the  jimction  of 
this  experiment  and  the  adjoining  concrete  pavement. 
This  was  apparently  caused  by  expansion  of  the  con- 
crete, and  the  brick  on  a  strip  2  feet  wade  are  cracked 
and  worn.  The  brick  of  section  N  are  rough  and 
badly  broken. 

There  has  been  little  or  no  transverse  cracking,  al- 
though a  considerable  number  of  fine  longitudinal  cracks 
have  developed  and  in  some  cases  extend  through 
several   sections.     However,    thev   seem   not    to   have 
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affected  the  behavior  of  the  wearing  surface.  Except 
for  tlie  i-epair  of  defects  directh^  caused  by  subgrade  and 
foundation  faihire,  maintenance  on  this  experiment  has 
been  confined  to  the  fihin(i;  of  these  cracks  with  bitumin- 
ous material.  The  cost  of  such  maintenance  to  date 
has  amomited  to  20.10  cents  per  square  yard. 

The  brick  section  renuiins  in  excellent  condition, 
showing  little  wear  and  no  indication  of  failure  under  a 
traffic  of  approximately  3,000  vehicles  per  day. 


(Continued  from  p.  147) 

occurs  also  increases  and  the  influence  of  vehicle  speed 
becomes  of  greater  importance.  On  a  moderately  rough 
road  a  vehicle  of  the  type  used  will  develop  reactions  of 
the  general  order  of  150  per  cent  of  the  static  wheel 
load  with  a  frequency  of  fifteen  to  twenty-five  times  per 
mile  when  traveling  at  the  rate  of  40  miles  per  hour. 
These  data  further  indicate  that  twice  the  static  wheel 
load  may  be  taken  as  a  general  maximum  value  of  the 
reactions  which  such  a  balloon-tired  vehicle  will  produce 
with  sufficient  frequency  to  be  considered  in  pavement 
design. 


CONCLUSIONS 

Considering  as  a  whole  these  tests  with  a  balloon- 
tire-eqiupped  bus,  it  may  be  said  that — ■ 

1.  Keactions  of  about  three  times  the  static  wheel 
load  may  be  encountered  in  isolated  cases,  mostly 
where  pavement  failure  has  already  occurred  and 
repairs  are  necessary. 

2.  A  few  reactions  amounting  to  twice  the  static 
wheel  load  may  be  ex])ectcd  for  each  mile  of  rough 
surface. 

3.  The  frequent  reactions  for  rough  surfaces  amount 
to  about  1.5  times  the  static  wheel  load. 

4.  Even  the  smoothest  roads  produce  frc(iuent  reac- 
tions of  from  1.1  to  1.2  times  the  static  wheel  load. 

5.  Concerning  the  maximum  reactions  produced  at 
a  large  number  of  individual  roughness  conditions,  the 
general  tendency  is  for  this  maximum  to  increase  in 
approximate  proportion  to  speed  up  to  about  40  miles 
])er  hour,  and  at  speeds  greater  than  that  comparatively 
slight  increases  in  reaction  are  noted.  However,  occa- 
sional roughness  conditions  may  occur  where  the 
maximinn  reaction  developed  at  20  or  30  miles  per 
hour  is  as  great  as  the  maximum  produced  by  the 
majority  of  the  roughnesses  at  only  the  higher  speeds. 


WASHING  MACHINE  DESIGNED  FOR  USE  IN  DETER- 
MINING CONSTITUENTS  OF  FRESH  CONCRETE 

By  William  A.  Blanchettc,  Highway  Engineer,  U.S.  Bureau  of  Public  Roads 


IN  THE  analysis  of  fresh  concrete  to  determine  the 
proportion  of  each  ingredient  contained  in  it  the 
ingredients  must  be  separated.  One  method  is  to 
wash  the  concrete  on  a  No.  100  sieve,  to  reclaim  the 
cement  from  the  wash  water,  to  spht  the  aggregates 
into  fine  and  coarse  on  the  proper  sieve  and  by  the 
difl^erence  between  the  initial  weight  of  the  concrete 
and  the  weight  of  the  sum  of  the  solids  reclaimed,  to 
calculate  the  weight  of  the  water.  Another  method, 
wliich  is  based  on  the  Arcliimedes  principle,  and  which 
is  referred  to  as  the  Dunagan  method,  consists  of  weigh- 
ing the  concrete  in  air  and  in  water,  washing  out  all 
material  passing  the  No.  100  sieve,  determining  the 
weight  of  cement  by  differences  in  immersed  weights, 
converting  immersed  weights  of  cement,  fine  aggregate. 


FiGTJRE  1. — The  S a.miii.  of  Fkesh  Concrete  to  hk  Ana- 
lyzed IS  Placed  on  the  No.  4  Sieve  Which  is  Directly 
Below  the  Perforated  Pipe  and  Attached  to  Base 
Frame  "A."  Another  Sieve  is  Placed  on  Cleats  "B" 
Above  the  Pipe 

and  coarse  aggregate  to  air  weights,  and  determining 
the  weight  of  water  by  dift'erences  in  air  weights. 


Either  method  requires  that  the  sample  of  concrete 
be  washed  on  sieves,  and  in  order  to  facilitate  this 
wasliing  process  a  washing  machine  was  recently  devised 
and  used  successfully  in  connection  with  the  Dunagan 
method. 

As  may  be  seen  in  Figures  1  to  4,  this  machine  con- 
sists of  an  octagonal  drum  mounted  on  a  frame.     No. 


Figure  2. — Frame  C  is  Placed  over  This  No.  4  Sieve. 
This  Frame  Comes  in  Contact  with  the  Top  Cover 
and  Holds  the  Sieve  Firmly  in  Place.  The  Top 
Cover  is  Then  Clamped  in  Postion  and  the  Water 
Turned  on 

100  sieves  are  inserted  in  six  places  around  the  circum- 
ference of  the  drum,  three  in  the  top  removable  cover, 
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and  three  in  the  bottom  cover,  also  removable.  A 
perforated  pipe  to  which  the  water  line  is  coupled  and 
through  which  the  water  is  sprayed  under  pressure 
extends  horizontally  through  the  center  of  the  drum. 
Two  No.  4  sieves  are  inserted  in  the  drum,  one  on  either 
side  of  the  water  pipe.  These  form  an  inner  compart- 
ment in  which  the  sample  to  be  washed  is  placed.     The 


volving  the  drum,  with  the  top  cover  in  place,  the  coarse 
aggregate  is  removed  in  the  top  cover.  This  machine 
is  also  used  for  determining  the  following  correction 
factors  (solids  passing  and  retained  on  the  2-size  sieves) 
which  must  be  applied  in  the  analysis:  Fine  aggregate 
passing  the  No.  100  sieve;  fine  aggregate  retained  on 
the  No.  4  sieve;  coarse  aggregate  passing  the  No.  100 


CONSTRUCT  OF   CLEAR    SEASONED    WHITE   PINE  PAINTED   WITH    LEAD  PAINT 


TOP  SECTION  REMOVED- 


LOWER      ''  «1|!£ 

NO,  4   SIEVE 


BOTTOM    SECTION 
REMOVED 

NO. 100  SIEVE 


sectional  end  view  elevation 

Figure  3. — Design  of  Washing  Machine  for  Determining  Constituents  of  Fresh  Concrete 


removable  covers,  containing  the  No.  100  sieve,  are 
equipped  with  rubber  gaskets  and  are  clamped  to  the 
base  frame  so  that  all  material  leaving  the  drum  must 
pass  through  the  No.  100  sieve.  Each  piece  of  No.  100 
sieve  is  reinforced  on  the  outside  with  No.  4  sieve. 

As  may  be  observed  in  the  photographs,  the  machine 
as  actually  constructed  differs  in  certain  details  fi'om 
the  design  shown  in  Figure  3.  The  handles  attached 
to  the  covers  are  of  wood,  and  the  clamps  with  which 
the  latter  are  affixed  to  the  base  frame  are  of  a  difi'erent 
type  from  those  shown  in  the  drawing. 

The  sample  of  fresh  concrete  is  placed  in  the  inner 
compartment  on  the  lower  No.  4  sieve  wliich  is  attached 
to  the  base  frame.  The  upper  No.  4  sieve  is  then  placed 
in  position,  and  frame  C,  wliich  holds  this  sieve  firmly 
in  place,  inserted;  thus  confining  the  coarse  aggregate 
so  that  it  will  not  wear  out  the  No.  100  sieve  inserted 
in  the  top  cover.  The  cover  is  then  clamped  in  position, 
the  water  turned  on,  and  the  drum  revolved  and  shaken 
until  all  material  that  will  pass  the  No.  100  sieve  has 
been  washed  out.  By  holding  the  drum  so  that  the 
No.  4  sieves  are  in  a  horizontal  plane  and  shaking  the 
apparatus  the  fine  aggregate  is  washed  down  through 
these  sieves  and  is  separated  from  the  coarse  aggregate. 
The  fine  aggregate  is  then  removed  in  the  bottom 
cover.     After  removing  the  upper  No.  4  sieve  and  re- 


sieve;  coarse  aggregate  passing  the  No.  4  sieve  and  re- 
tained on  the  No.   100  sieve;  cement  retained  on  the 


Figure  4.  Aim.k  Ai.i,  M\ll,lu\l.^  Pa^-sim;  nii:  Xc  KMJ 
Sieve  Have  Been  Washed  out,  the  Coarse  and  Fine 
Aggregates  are  Separated  and  Removed  from  the 
Machine.  The  Fine  Aggregate  is  being  Removed 
from  the  Bottom  Cover.  The  Coarse  Aggreg.\te 
IS  IN  THE  Top  Cover 

No.    100  sieve;  fine  aggregate  ground  up  during  the 
mixing  action  so  that  it  passes  the  No.  100  sieve. 
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ACOiMPLETE  higli- 
way  map  of  tlio 
.  United  States  would 
show  a  close-knit  web  of 
lines  touching  every  part 
of  the  Nation,  and  repre- 
senting 3,000,000  miles  of 
road. 

Moving  back  and  forth 
on  this  vast  network  to- 
day arc  26,000,000  motor 
vehicles. 

Across  this  busy  picture 
of  modern  communication 
lie  the  invisible,  yet  very 
real,  boimdaries  of  the  48 
States  of  the  Union. 

Here  is  the  essence  of  the 
American  problem  of  mo- 
tor vehicle  regulation. 
The  motor  vehicle,  me- 
chanically capable  of  mov- 
ing anjnvhere  on  the  high- 
way system  of  the  entire 
nation,  is  subject  to  the 
diverse  control  of  48  dif- 
ferent States.  Although 
the  vehicles  themselves 
have  become  standardized 
to  a  large  extent  under 
mass-production  methods 
of  manufacture,  and  the 
highways  over  which  they 
operate  are  steadily  ap- 
proaching a  uniform  stand- 
ard of  excellence,  the  laws 
regulating  their  operation 
are  still  characterized  by 
nonuniformity. 

The  purpose  of  the  pres- 
ent paperis  to  consider  this 
whole  question  of  motor-vehicle  regulation  in  the 
United  States,  and  to  reduce  its  intimidating  complex- 
ity to  a  manageable  set  of  individual  elements.  Such 
an  analysis  is  the  first  step  toward  comprehension  of 
the  general  problem,  and  an  essential  preUminary  to 
consideration  of  possible  means  of  rationalization  and 
standardization  in  the  future. 

GENERAL  BACKGROUND 

There  are  several  reasons  why  the  matter  under  dis- 
cussion is  a  puzzUng  one.  In  the  first  place,  it  has 
arisen  to  the  importance  of  a  pressing  national  problem 
in  less  than  a  single  generation,  and  past  experience 
with  other  forms  of  wheeled  traffic  offers  little  or  no 
guidance  in  handUng  it.  Again,  its  size  renders  it 
difficult — only  figures  in  millions  or  billions  seem  ad(>- 
quate  to  express  it  statisticallv — through  the  number 
of  operating  units  involved,  the  multitude  of  owners 
and  operators  directly  interested,  the  great  extent  of 
territory  covered,  the  stupendous  sums  represented 
annually  by  receipts  from  vehicles  and  expenditures  on 
highways.  Finally,  it  contains  many  conflicting  ele- 
ments— the  need  for  public  safety  and   protection  as 
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ABSTRACT 

The  operation  of  26,000,000  motor  vehicles  in  tlie  United 
States  is  subject  to  the  diverse  regulations  of  48  States  and 
the  District  of  Columbia. 

The  problem  of  control  is  complicated  by  the  large  num- 
ber and  great  variety  of  motor  venicles,  tlieir  freciuent 
operation  outside  the  State  of  registration,  and  the  many 
forms  which  regulation  takes. 

Analysis  of  the  elements  of  regulation  a|)plical)le  1o 
vehicles  in  general  show.s  wide  divergencies  among  the 
several  States,  particularly  in  regard  to  [ilivsical  and  busi- 
ness characteristics  of  vehicles,  and  taxation. 

Even  greater  laciv  of  imiforinity  exists  in  the  regulation 
of  for-hire  vehicles,  which  presents  one  of  the  most  diflicult 
phases  of  the  problem  under  discussion. 

One  result  of  this  non-uniformity  has  been  a  considerable 
volume  of  court  litigation,  and  the  Supreme  Court  has 
recently  handed  down  two  decisions  of  basic  importance  in 
upholding  new  laws  of  Texas  and  Kansas. 

A  second  result  of  the  existing  situation  has  been  a  move- 
ment toward  greater  standardization  and  rationalization 
of  motor  vehicle  regulations  on  the  part  of  important  groups, 
including  national  and  State  officials,  safety  experts,  engi- 
neers, economists,  business  men,  and  others. 

The  outlook  for  the  immediate  future  is  for  further  legis- 
lative action,  with  43  State  legislatures  scheduled  to  meet 
in  1933,  and  with  bills  under  consideration  in  both  houses 
of  the  United  States  Congress. 

Most  of  the  elements  of  the  problem  of  regulation  lie 
within  the  exclusive  jurisdiction  of  the  individual  States, 
and  the  goal  of  greater  uniformity  can  be  attained  only 
through  appropriate  State  action. 

Regulation  of  interstate  for-hire  vehicles,  and  fixing  of 
national  standards  for  size,  weight,  and  equipment  of  such 
vehicles,  have  been  suggested  as  a  proper  activity  of  the 
Federal  government,  but  measures  to  this  end  proposed 
thus  far  appear  to  be  largely  of  an  experimental  character. 

The  vital  need  at  present  is  for  more  factual  data  as  a 
basis  for  wise  legislation.  Special  study  by  each  State  of 
its  own  regulatory  problems,  and  consultation  with  neigh- 
boring States,  would  seem  to  offer  the  most  fruitful  field 
for  immediate  State  action. 

Intelligent  collaboration  of  engineers,  economists,  busi- 
ness men,  safety  experts,  and  officials  of  government  will 
provide  the  ultimate  solution  to  the  problem  of  motor 
vehicle  regulation. 


()p])osed  to  the  natural 
liberty  of  movement  of  the 
motor  vehicle  (all  the  more 
diflicult  to  reconcile  in  a 
nation  where  one  out  of 
every  five  ])ersons  is  an 
automobile  owner,  and 
where  ])ractically  everyone 
is  constantly  or  occasional- 
ly a  highway  user);  the  in- 
terest of  the  private-pas- 
senger automobile  owner  as 
contrasted  to  the  interests 
of  the  commercial  vehicle 
owner;  the  diverse  points 
of  view  of  the  various  kinds 
of  commercial  operators; 
the  competitive  position  of 
other  forms  of  transport. 

Only  one  or  two  illustra- 
tions of  these  conflicting 
interests  need  be  given. 

There  are  more  than 
26,000,000  motor  vehicles 
operating  in  the  United 
States  this  year,  but  five 
out  of  every  six  of  them  are 
l)assenger  cars,  privately 
owned  and  operated.  The 
balance  of  highway-user 
power  now  rests  with  the 
private  passenger-carrying 
vehicle,  and  the  needs  and 
desires  of  its  myriad  own- 
ers have  both  dictated  in 
large  part  the  present  reg- 
ulatory system  and  have 
been  the  chief  influence  in 
the  improvement  of  the 
highways  of  the  country. 
The  utility  vehicle,  the 
truck,  has  consequently  taken  second  place  in  the  public 
mind,  although  it  is  undoubtedly  a  more  vital  factor  in 
the  economic  welfare  of  the  Nation  to-day  than  ever 
before.  The  average  man,  in  fact,  has  been  all  too  will- 
ing to  condemn  the  truck  on  no  more  rational  grounds 
than  that  it  "takes  up  too  much  space  on  the  highway," 
ignoring  the  material  benefits  which  that  same  truck  has 
conferred  upon  him  in  improved  service  and  reduced 
costs  of  distribution. 

Had  motor  transportation  and  rail  transportation 
developed  simultaneously,  each  would  likely  have  filled 
its  proper  place  in  the  economic  structure  with  little 
friction,  but  the  railroad  was  more  than  half  a  century 
ahead  of  the  motor  vehicle,  and  the  latter  has  had  to 
forge  its  way  into  an  established  transportation  system, 
'i'hus,  it  has  not  been  possible  to  treat  the  newcomer  as 
a  distinctly  sej)arate  entity,  desirabl(>  as  that  might  have 
been  from  a  purely  economic  standpoint,  but,  rather,  it 
lias  been  subject — and  this  is  true  in  most  modern 
countries,  as  well  as  in  the  United  States^to  considera- 
tions growing  out  of  the  existence  of  the  older  means  of 
transportation.     The  issue  is  further  complicated   by 
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the  fact  that  the  raih'oads  form  part  of  the  banking 
and  investment  structure  of  the  Nation,  which  has 
entitled  them  to  consideration  as  repositories  of  the 
pubhc  wealth,  rather  than  simply  as  transportation 
agencies  subject  to  free  competition. 

Add  to  these  conflicting  elements,  which  are  inherent 
in  as  flexible  and  extensive  an  organism  as  motor 
transport,  the  fact  that  legislative  control  is  vested  in 
the  individual  States,  and  the  complicated  situation 
existing  to-day  is  seen  to  be  only  an  inevitable  result. 
Perhaps  one  way  out  of  the  dilemma,  in  the  beginning, 
might  have  been  the  assumption  of  unified  control  over 
motor  vehicles  by  the  Federal  Government,  a  policy 
which  has  simplified  this  matter  in  many  foreign  coim- 
tries.  Yet,  under  our  system  of  government,  with 
police  powers  reserved  to  the  several  States  by  the  tenth 
amendment  to  the  Constitution,  such  a  plan  was  not 
considered,  and  to-day  the  problem  is  so  large  that  a 
single  nation-wide  control  over  all  vehicles  is  clearly 
impracticable. 

POINT  OF  VIEW 

The  point  of  view  of  the  present  discussion  of  motor- 
vehicle  regulation  is  a  dual  one,  considering  the  indi- 
vidual vState  (1)  as  a  sovereign  Commonwealth  and  the 
])roper  source  of  most  if  not  all  regiilatory  legislation, 
and  (2)  as  a  member  of  the  Federal  Union  of  48  States 
and  the  District  of  Columbia.  This  approach  to  the  sub- 
ject will  entail  a  study  of  the  situation  now  resulting  from 
the  efforts  of  the  several  States  to  regulate  motor  traffic, 
and  some  indication  of  what  may  be  done  to  effect 
greater  uniformity  of  regulation  and  greater  freedom  of 
movement  of  vehicles  across  State  lines  than  now  exists. 

There  is  ample  justification  for  this  objective  of  uni- 
formity and  freedom  of  movement.  A  very  large 
volume  of  traffic  already  exists  aci'oss  wide  areas  of 
the  United  States,  regardless  of  State  lines,  and  that 
this  is  worthy  of  encouragement  is  hardly  disputable; 
this  traffic,  certainly  as  regards  passenger  cars,  and  in 
many  portions  of  the  country  as  regards  trucks  also, 
tends  to  balance  between  the  individual  States,  so  that 
the  citizens  of  one  State  quickly  receive  proportionate 
benefits  from  liberality  and  uniformity  in  their  own 
laws  through  increased  liberality  of  treatment  in  the 
States  which  they  visit.  Moreover,  the  Nation  as  a 
whole  has  a  vested  interest  in  its  highways  everywhere, 
as  witness  the  large  expenditures  made  on  Federal-aid 
roads  under  a  policy  of  the  National  Government  first 
adopted  in  1916  and  continued  ever  since.  In  this 
Federal-aid  highway  system  are  now  included  more 
than  200,000  miles  of  important  roads.  The  major 
purpose  of  this  system  is  indicated  by  the  Federal-aid 
highway  act  of  1921  as  being  "the  completion  of  an 
adequate  and  connected  system  of  highways  interstate 
in  character."  Recognition  of  the  importance  to  the 
entire  Nation  of  interstate  commerce  is  contained  in 
the  Constitution  itself,  which  provides  that  Congress 
shall  have  the  power  to  "regulate  commerce  with  for- 
eign nations  and  among  the  several  States     *     *     *"} 

STATISTICAL  DATA 

It  will  be  helpful  to  glance  at  some  figures  which  show 
both  the  magnitude  of  the  problem  under  discussion  and 
the  complications  lent  to  it  by  the  numerous  classes  of 
motor  vehicles. 

Official  reports  of  the  United  States  Bureau  of  Public 
Roads  give  registration  figures  at  the  end  of  1931  as 
follows:  Passenger  automobiles,  taxicabs,  and  busses, 


1  United  States  Constitution,  Article  I,  section  8. 


22,347,800;  motor  trucks  and  road  tractors,  3,466,303; 
trailers,  349,930. 

To  segregate  these  totals  into  the  individual  classes 
of  vehicles  desired,  the  best  figures  available,  talcen 
from  various  sources,-  have  been  used  to  compile  the 
data  given  in  Table  1 . 


Table   1.- 


-Regisiralions  of  motor  vehicles  in  the  United  States  at 
the  end  of  1931,  classified  according  to  use 


Type  of  vehicle 

Number 
registered 

Percentage 
of  total  reg- 
istrations 

Passenger  aiitumoliiles,  privtUely  owned  and  operated,. _ 
TaNicabs _ 

22,125,800 
HO,  000 

98, 900 

1  3,  449,  343 

349, 930 

84,5 

Busses- 
School  busses_ 48,500 

Motor  carrier  blisses 31,850 

Other  revenue  busses  (electric  railway,  steam 

railroad,  and  sightseeing  busses) 10,550 

Nonrevenue   busses   thotel,   industrial,   and 

others) 2,  000 

Total 

.4 

Trucks  (including  tractor  trucks) 

r>  2 

Trailers 

1  3 

Total  all  vehicles 

26,164,033 

100  0 

'  Separate  figures  for  the  three  principal  classes  of  trucks,  privately  owned  and  op 
erateil,  common  carrier,  and  contract  carrier,  are  not  available.  A  survey  of  tradie  in 
11  Western  States  indicated  the  proportion  of  common-carrier  and  contract-carrier 
trucks  to  all  trucks  to  be  5.5  per  cent  and  8.7  per  cent,  respectively.  These  data  were 
based  on  observations  of  trafDc  on  rural  roads  rather  than  upon  registrations.  As  a 
matter  of  fact  all  available  data  point  to  a  more  intense  use  of  for-hire  trucks  than  of 
private  trucks  and,  therefore,  the  actual  percentages  of  registrations  of  the  former  are 
certainly  less  than  the  percentages  of  traffic.  Since  the  number  and  character  of  for- 
liire  operators  depend  in  part  upon  the  nature  of  regulatory  legislation  in  the  indi- 
vidual State,  these  proportions  are  hardly  applicable  to  the  country  as  a  whole,  and 
it  seems  likely  that  the  true  ratio  of  contract-carrier  to  common-carrier  trucks  is  con- 
siderably larger  than  the  above  figiu'es  indicate. 

There  emerge  at  once  from  the  above  tabulation  two 
salient  facts.  Motor  transportation  is  predominantly 
private  in  character,  tmd  differs  thereby  from  any  other 
form  of  modern  communication.  It  is  also  individual- 
istic and  personal,  for  the  more  than  22,000,000  passenger 
cars  are  owned  by  almost  as  many  indi\dduals,  and  tlie 
National  Automobile  Chamber  of  Commerce  estimates 
that  of  the  2,500,000  owners  of  trucks,  2,200,000  possess 
only  one  truck  each. 

These  millions  of  vehicles  do  not  remain  always  within 
the  boundaries  of  the  respective  States  in  w^iich  they  are 
registered.  If  they  did,  the  question  of  regulating  them 
would  be  much  simpler  than  is  actually  the  case.  In- 
stead, it  is  probable  that  most,  if  not  all,  of  the  passenger 
automobiles  engage  frequently  in  interstate  trips,  and 
great  numbers  of  them  in  certain  sections  of  the  country 
must  regularly  cross  State  lines  in  their  normal  opera- 
tions. A  large  proportion  of  the  busses  are  used  on  in- 
terstate routes;  as  for  the  taxicabs,  they  do  not  as  a  rule 
figure  in  interstate  operation.  All  this  natural  pressure 
toward  interstate  movement  on  the  part  of  passenger- 
carrying  vehicles,  with  mileage  figures  of  large  ])ropor- 
tions,  has  led  to  fairly  liberal  regulations  in  most  States, 
so  that  a  private  automobile  to-day  can  travel  freely  in 
most  parts  of  the  country  for  at  least  limited  periods  of 
time  without  legal  difficulties.  The  bus,  being  pecu- 
liarly susceptible  of  control  by  pubfic  regulatory  bodies, 
also  operateswidely  under  the  various  State  jurisdictions. 

No  one  knows  exactly  what  proportion  of  the  trucks 
perform  interstate  service,  although  it  is  probably  less 

2  Basis  of  estimates  as  follows:  (1)  Passenger  automobiles  privately  owned  and 
operated.  United  States  Bureau  of  Public  Roads  statistics  of  "  passenger  automobiles, 
taxicabs,  and  busses,"  with  estimated  taxicabs  and  busses  deducted;  (2)  taxicabs, 
from  Transit  Journal,  January,  1932;  (3)  busses,  from  Bus  Facts  for  1932,  published 
by  the  National  A.ssoeiation  of  Motor  Bus  Operators;  (4)  trucks,  United  Slates 
Bureau  of  Public  Roads  statistics  of  motor  trucks  and  road  tractors,  adjusted  to 
account  for  busses  included  with  trucks.  Seven  States  register  busses  with  motor 
trucks,  the  number  of  such  busses  having  been  estimated  in  Bus  Facts  for  1932  as 
16,960;  this  number,  accordingly,  has  been  deducted  from  total  truck  registrations 
and  added  to  the  total  shown  as  "passenger  automobiles,  taxicabs,  and  busses" 
before  segregation.  Motor  cycles,  101,074  of  which  were  registered  at  the  end  of 
1931,  have  been  excluded  from  this  table  as  being  a  minor  element  in  the  problem 
under  discussion. 
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tliun  in  the  case  of  passenj:;or  cars.  The  I'act  that  fann- 
ers nsc  20  per  cent  ^  of  all  (nicks  indicates  tliat  this 
percentage,  at  least,  is  probably  used  chiefly  in  local 
fann-to-market  hauling.  Much  private  hauling,  as  in 
(loliverv  service,  is  also  done  within  a  limited  radius. 

These  assumptions  are  borne  out  bj^  a  statistical 
analysis  of  truck  t  rallic  made  this  year  by  the  Bureau  of 
Public  Roads.  This  analysis  was  based  on  data  ob- 
tained in  exhaustive  surveys  of  traiKc  in  tiie  following 
States,  conducted  bv  the  bureau  in  cooperation  with 
the  State  authorities:  Connecticut  (1922-23),  Maine 
(1924),  Pennsvlvania  (1924),  Ohio  (1925),  Vennont 
(1926),  New  Hamj)shire  (1926),  and  1 1  Western  States- 
Arizona,  California,  Colorado,  Idaho,  Nebraska,  New 
Mexico,  Nevada,  Oregon,  Utah,  Washington,  and  Wyo- 
ming (1930-31).  A  study  of  these  sources,  combined 
with  the  results  of  an  investigation  of  motor-truck 
freight  transportation  in  41  States  and  the  District  of 
Columbia,  conducted  in  1931  by  the  Bureau  of  Public 
Roads  and  the  Dei)artment  of  Commerce,  produced  (he 
following  distribution  of  truck  tralhc: 

Per  cent 
Privately  owned  and  oj)erated 85.  8 

Iiiterstate 2.  G 

Intrastate 83.  2 

Ojierated  for  hire 14.  2 

Interstate 4.  4 

Intrastate 9.  8 

All  truck  traffic 100 

ELEMENTS  OF  PROBLEM  AND  EXISTING  SITU.4TION 

Having  sketched  in  a  background  of  basic  data, 
and  shown  how  the  numerous  kinds  of  motor  vehicles 
and  their  movement  across  State  lines  create  the  first 
complications  in  our  problem,  we  are  ready  to  consider 
in  detail  the  most  important  difhculty  of  all — that  of 
the  many  forms  of  regulation  of  these  vehicles. 

The  word  "regulation"  will  be  used  in  this  article  as 
a  convenient  term  to  cover  all  phases  of  vehicle  control. 
At  first  glance,  there  may  appear  to  be  certain  main 
groups  of  regulatory  methods  which  are  distinct  from 
each  other — 4or  instance,  highwa}'"  protection  measures, 
public  safety  measures,  and  business  control  or  taxa- 
tion— but  upon  closer  inspection  these  are  seen  to  be  so 
closely  interrelated  that  any  attempt  to  group  them 
in  this  manner  only  adds  to  the  confusion.  Thus, 
the  size  and  weight  of  a  vehicle  may  be  controlled 
for  protection  of  the  highway  pavement  and  bridges, 
but  these  characteristics  also  involve  the  question  of 
public  safety,  and  at  the  same  time  provide  a  basis  for 
taxation.  If,  therefore,  all  the  diverse  yet  interrelated 
forms  of  control  be  regarded  simply  as  individual 
parts  of  a  general  problem  of  regulation,  the  task  of 
analysis  may  be  materially  simplified. 

The  following  is  an  attempt  to  set  down  in  orderly 
fashion  all  the  pliases  of  this  complex  problem. 

1.  Forms  of  control  applicable  to  motor  vehicles  in 
general : 

Registration  (license  plates). 
Antitheft  protection  (certificate  of  title). 
Operators'  and  chauH'curs'  licenses. 
Public  liability  (financial  responsibility^- 
Regulation  of  traffic  on  the  highway. 
Physical  characteristics  of  vehicles — 

Limitations  on  size  and  weight. 

Equipment. 

s  United  States  Census  of  Agriculiurc,  H«n. 


Business  characteristics  of  vehicles — 
Privately  owned  and  operated, 
1^'or  hire. 

Taxation. 

Privileges  of  inlcrstnte  (iix'ialion  (reciprocity). 

lOnforcement. 

2.  Additional  forms  of  control  applicable  lo  for-hire 
vehicles: 

Rates,  practices,  and  service. 

Certificates    of    convenience    and    necessity    for 

common-carrier  o])erati(ms. 
Hours  of  laboi-  of  truck  and  bus  drivers. 
Insurance  or  other  special  financial  resj)onsil)ilily. 

To  answer  completely  the  question  of  what  each 
State  has  enacted  in  the  way  of  specific  legislation  on 
these  topics  would  require  a  volume  in  itself.  At 
best,  there  can  be  indicated  here  only  some  examples 
of  the  diversified  statutes  passed  by  vState  legislatures 
and  now  in  effect. 

CONTROL  OK  MOTOR  VEHICLES  IN  GENERAL 

Registration. — To  begin  with,  let  us  visualize  a  new 
vehicle  arriving  from  the  factory — passenger  car  or 
truck  or  bus.  It  is  delivered  to  its  owner  and  the  prob- 
lem of  control  begins.  The  first  thing  to  be  done  is  to 
give  it  an  official  identity,  which  means  registration; 
and  to  perform  that  job,  an  administrative  organization 
is  necessary.  All  States  now  have  some  form  of 
registration  law,  and  all  States  issue  identifying  license 
plates  to  vehicle  owners.  Beyond  that,  however,  there 
is  little  uniformity.  For  example,  the  National 
Conference  on  Street  and  Highwaj^  Safety  has  found 
that  the  ofRce  of  commissioner  or  registrar  of  motor 
vehicles  exists  at  present  in  only  19  States;  that  the 
secretary  of  state  performs  the  duties  of  registrar  in 
14  States;  that  the  department  of  public  works  or 
State  highway  commission  registers  vehicles  in  eight 
States;  and  that  in  other  States  these  duties  are  dele- 
gated to  such  widely  diverse  bodies  as  State  auditors. 
State  tax  commissions,  or  others,  and  in  one  State 
even  to  the  warden  of  the  State  penitentiary.^  Most 
States  require  two  license  plates  on  each  automobile, 
but  some — Alabama,  Florida,  Mississippi,  Oklahoma, 
for  instance — require  only  one.^  The  period  of  regis- 
tration is  customarily  for  one  year,  but  does  not  always 
coincide  with  the  calendar  year;  shorter  periods  of 
registration  are  sometimes  permitted  at  reduced  rates. 
There  are  numerous  other  inconsistencies  in  the  State 
laws  on  these  and  similar  points,  but  they  may  be 
regarded  as  of  nunor  importance. 

Protection  against  theft. — Linked  closely  with  the 
question  of  registration  is  that  of  a  proper  certificate 
of  title  and  adequate  antitheft  protection.  Here 
we  encounter  the  first  major  divergence  among  the 
several  States.  As  yet,  only  22  States  and  the  District 
of  Columbia  have  some  form  of  certificate  of  title  law, 
but  31  States  and  the  District  of  Columbia  maintain  a 
"stolen  car"  department,  or  special  files  which  mnke 
possible  effective  action  in  cases  of  theft. 

Operator's  license.- — Once  the  vehicle  itself  has  been 
identiiied  and  licensed,  the  driver  or  operator  who  will 
set  it  in  motion  on  the  public  highway  enters  the  picture. 


*  Uniform  Vehicle  Code,  tlie  Basis  for  Nation-Wide  Uniformity  in  State  Motor 
Veliicle  Laws,  iiublished  by  the  National  Conference  on  Street  and  Iligliway  Safelv, 
Washington,  D.  C,  1932. 

»  Much  of  tlie  legislative  data  hereinafter  cited  is  from  a  Digest  of  Regulations 
Ooverning  the  Operation  of  Motor  Vehicles  Througliout  the  United  States  and 
Provinces  of  Ontario  and  Quebec,  Canada,  I931-:i2,  compileil  by  E.  Austin  Baugh- 
mau,  Commissioner  of  Motor  Vehicles,  State  of  Maryland.     See  Appendix  A. 
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Here  appears  further  lack  of  miifonuit}^  among  the 
States,  despite  the  fact  that  the  operator's  Hcense  is 
now  generally  regarded  as  a  keystone  in  the  arch  of 
highway  safety.  Only  25  States  and  the  District  of 
Columbia  require  operators  to  be  licensed;  30,  however, 
stipulate  a  special  license  for  chaufl'eurs.  Even  more 
significant  is  the  fact  that  in  only  18  States  and  the 
District  of  Columbia  is  any  examination  required  for 
applicants  for  operator's  license;  13  of  these  have 
driving  and  vision  tests,  and  written  or  oral  queries  on 
the  motor  vehicle  laws.  The  minimum  age  limit  for 
operators  in  19  States  and  the  District  of  Columbia 
is  16  years;  in  others  the  limit  ranges  down  to  as  low  as 
12  years,  and  13  States  set  no  definite  limit,  the  law 
usually  permitting  "any  person"  to  be  licensed. 

Financial  reftponsibility. — With  the  vehicle  officially 
identified  and  in  operation,  it  becomes  immediately  a 
factor  in  the  general  public  welfare.  Nothing  can 
entirely  guarantee  it  against  accident,  with  resultant 
risk  to  life  and  i)roperty.  The  total  cost  of  automobile 
accidents  in  the  United  States  in  1931,  including  both 
personal  injury  and  property  damage,  has  been 
variously  estimated  at  from  $1,000,000,000  to  more  than 
$2,500,000,000.  Inevitably  there  has  arisen  a  demand 
for  some  sort  of  public  liabihty  protection  on  the  part  of 
owners  and  operators  of  motor  vehicles  which  will  tend 
to  insure  payment  of  compensation  for  injury  or 
damage. 

One  State,  Massachusetts,  has  tried  the  plan  of  com- 
pulsory insurance  for  all  drivers,  but  its  success  has 
been  questioned,  as  the  number  of  motor  vehicle  acci- 
dents reported  has  increased  rather  than  diminished  in 
that  State  since  passage  of  the  law,  and  insurance  rates 
have  risen.  On  the  other  hand,  19  States  have  adopted 
legislation  along  the  lines  of  the  so-called  financial 
responsibility  law  which  provides:  (1)  That  any  person 
convicted  of  a  major  traffic  offense  must,  before  liis 
pernut  is  restored,  show  financial  responsibihty  for  the 
sum  of  $11,000,  of  which  $1,000  is  for  property  damage 
and  $10,000  for  injury  to  one  or  more  persons  in  an 
accident,  by  posting  collateral,  taking  out  bond,  or 
obtaining  liability  insurance;  (2)  that  a  motorist  failing 
to  pay  a  judgment  le\ded  against  him  by  a  court  of 
competent  jurisdiction  up  to  this  anioimt  for  an  accident 
shall  be  de])rivcd  of  his  permit  to  drive  until  he  meets 
the  requirement  of  the  law;  (3)  that  all  States  recogniz- 
ing this  law  maintain  reciprocal  relationsliip,  prohibit- 
ing a  motorist  convicted  in  one  State  from  operating  in 
another.  The  following  States  have  enacted  safety 
responsibility  laws:  California,  Connecticut,  Delaware, 
Indiana,  Iowa,  Maine,  Maryland,  Minnesota,  Nebraska, 
New  Hampshire,  New  Jersey,  New  York,  North  Caro- 
lina, North  Dakota,  Rhode  Island,  South  Dakota,  Ver- 
mont, Virginia,  and  Wisconsin.'' 

In  addition  to  compulsory  insurance  and  financial 
responsibility  as  methods  of  insuring  protection  for  the 
public,  other  plans  have  been  advanced  from  time  to 
time,  but  have  not  been  embodied  in  law.  An  example 
is  the  so-called  "Marx  plan"  under  which  a  State  corn- 
pensation  fund  would  be  created  by  compelhng  all  vehi- 
cles to  contribute  a  premium  to  such  fund  in  order  to 
compensate  victims  of  accidents  in  a  manner  similar  to 
the  workmen's  compensation  act.  Another  plan  would 
require  compulsory  insurance,  but  with  rates  depending 
upon  the  accident  record  of  the  insured  and  with  damage 
claims  handled  through  State-appointed  commissions 

«  Report  of  the  Committee  or.  the  District  of  rolumbia,  U.  S.  House  ol  Kepresent- 
atives,  to  accompany  Senate  bill  3053,  72d  Coug.,  May  9,  1932,  p.  :>.  Virginia  this 
year  entered  the  list  of  States  having  financial  responsibility  legislation. 


rather  than  the  civil  courts.  These  various  plans,  being 
untested  by  actual  experience,  remain  controversial. 

Trajfic  regulation. — The  basically  important  question 
of  the  regulation  of  traffic,  with  its  attendant  potential 
benefits  in  reducing  the  tragic  toll  of  accidents  on  streets 
and  highways,  has  received  attention  to  some  degree  in 
every  State.  More  or  less  complete  regulations  exist  on 
such  matters  as  rule  of  the  road,  speed  restrictions, 
pedestrians'  rights,  traffic  signs  and  markers,  etc.,  al- 
though there  are  considerable  divergencies  among  the 
several  States.  For  instance,  31  States  and  the  District 
of  Columbia  have  fixed  definite  speed  limits  for  the 
operation  of  private  passenger  cars  in  the  open  country, 
these  varying  from  30  to  50  miles  per  hour,  and  have 
usually  set  lower  limits  for  commercial  vehicles.  Four- 
teen States  require  that  vehicles  be  driven  at  a  "reason- 
able and  proper  speed,"  to  quote  a  phrase  frequently 
employed,  although  certain  of  them  fix  a  limit  beyond 
which  higher  speed  is  deemed  "prima  facie  evidence  of 
improper  driving."  Three  States  set  no  limitations  to 
speed.  In  addition  to  State  laws  governing  speed,  most 
municipalities  have  their  own  regulations. 

Eight  States  have  declared  it  unlawful  to  throw 
lighted  cigarettes  out  of  a  motor  vehicle.  Passing  a 
street  car  on  the  left  is  strictly  prohibited  in  32  States. 
Forty  States  require  drivers  to  use  hand  signals  to 
indicate  their  intention  of  turning  or  stopping,  but  the 
nature  of  these  signals  is  not  uniform.^ 

Up  to  this  point  in  our  consideration  of  the  various 
phases  of  motor  vehicle  control,  we  have  been  dealing 
with  those  matters  which  place  basic  administrative 
safeguards  upon  vehicles  in  the  interest  both  of  owners 
and  of  the  public  welfare.  Now  we  enter  a  field  where 
uniformity  is  even  more  lacking,  and  yet  where  regula- 
tion may  completely  put  a  stop  to  certain  forms  of 
motor  transport.  In  this  field  are  the  questions  of 
control  over  the  physical  and  business  characteristics 
of  vehicles,  their  taxation,  and  the  privilege,  or  lack  of 
privilege,  of  operation  outside  the  State  of  registration. 

Physical  characteristics. — It  is  necessary  that  limits 
should  be  fixed  to  the  size  of  the  larger  vehicles  to  pre- 
vent their  reaching  dimensions  which  would  actively 
endanger  every  other  user  of  the  highway.  Limits 
have,  in  fact,  been  fixed  by  most  States,  but  in  many 
cases  they  reveal  small  trace  of  being  based  upon  scien- 
tific or  factual  data.  In  the  laws  now  in  effect  *  practi- 
cally the  only  dimension  on  which  there  is  general 
uniformity  is  that  of  width,  38  States  and  the  District 
of  Columbia  having  set  this  figure  at  a  maximum  of  96 
inches;  but  Florida  limits  it  to  84  inches  (except  in  the 
case  of  for-hire  vehicles) ;  North  Carolina,  Oklahoma,  and 
South  Carolina  to  90  inches;  and  Maryland  to  93 
inches.  A  few  States  permit  widths  in  excess  of  96 
inches.  The  maximum  permissible  height  varies  from 
11  feet  to  14  feet  6  inches,  with  15  States  and  the  Dis- 
trict of  Columbia  uniting  on  12  feet  6  inches,  and  with 
no  regulations  in  efl'ect  in  nine  States.  The  maximuna 
permissible  length  for  a  single  vehicle  varies  from  26 K 
to  40  feet.  The  maximum  permissible  length  for  a 
combination  of  vehicles  varies  from  30  to  85  feet,  with 
13  States  and  the  District  of  Columbia  uniting  on  the 
latter  high  figure.  The  permissible  number  of  vehicles 
in  a  train  or  combination  of  vehicles  varies  from  two  to 
four,  with  no  regulations  in  13  States  and  the  District 
of  Columbia. 


I  Summary  of  Motor  Vehicle  Regulations,  1932  edition,  issued  by  the  American 
Automobile  Association  and  the  Albert  Russcl  Erskine  Bureau  for  Street  Traflic 
Research,  Harvard  University. 

8  See  Appendix  B. 
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The  greatest  variance  of  all  exists  among  the  various 
States  in  the  matter  of  weight.  Factors  of  wheel  load, 
axle  load,  or  load  i)er  inch  of  tire  width  enter  into  the 
calculations,  but  gross  vehicle  weight  is  usually  the  final 
consideration,  and  this  varies  in  the  case  of  a  pneumatic- 
tired,  4-wheel  vehicle  from  15,000  to  36,000  pomids. 
In  the  case  of  a  pneumatic-tired,  fi-wheel  veliicle,  the 
range  is  from  10,000  to  48,000  pounds.  A  typical  com- 
bination of  vehicles,  including  a  4-wheel  tractor,  4-wheel 
semitrailer  and  6-whecl  full  trailer,  has  maxinunn 
weight  limits  (on  pneumatic  tires)  varving  from 
24,000  to  102,000  pounds,  but  at  least  13  Slates  do  not 
permit  operation  of  a  combination  of  units  of  tliis  size. 

The  various  items  of  equipment  required  in  the  sev- 
eral States  indicate  similar  lack  of  uniformity.  As  a 
single  exam]:)le,  a  recent  compilation  ^  of  State  regula- 
tions on  clearance  lights  shows  great  variety.  Californiii 
requires  a  blue  clearance  light  in  front,  red  or  green  in 
the  rear;  Delaware  exacts  a  green  light  in  the  rear, 
white  light  in  front;  Illinois  a  A^ellow  or  amber  reflecto]- 
in  front,  a  red  reflector  in  the  rear;  Iowa,  white  marker 
lights  or  side  reflectors;  and  so  on.  In  actual  practice 
this  has  sometimes  meant  changing  the  lighting  equip- 
ment of  large  interstate  vehicles  at  each  State  line 
crossed.  The  whole  cjucstion  of  the  equipment  of  the 
larger  tj^pes  of  vehicle,  i)articularly  those  used  in  com- 
mon-carrier operations,  upon  which  the  various  State 
regulatory  bodies  have  issued  many  diverse  rulings,  is 
especially  confused.  Braking  requirements  are  some- 
wdiat  less  involved,  with  the  usual  formula  calling  for 
brakes  "adequate  to  stop  within  a  safe  distance  and 
hold  the  vehicle."  In  some  vStates,  however,  partic- 
ularly those  in  which  periodic  inspection  of  vehicles 
is  held,  the  safety  of  brakes  is  determined  by  their 
ability  to  stop  the  vehicle  within  a  specified  distance  at 
a  given  rate  of  speed.  Safety -glass  equipment  is  a 
matter  of  comparatively  recent  origin,  and  few  States 
have  taken  action  upon  it  as  yet. 

Control  over  the  physical  characteristics  of  vehicles 
is  also  being  extended  in  some  States  to  cover  a  com- 
pulsory periodic  inspection,  to  which  all  owners  must 
submit  their  cars  at  stated  intervals,  usually  once  a 
year.  Ten  States  now  require  such  inspection,  although 
one  of  them  limits  it  to  busses  and  another  to  city 
operations. 

Business  characteristics. — Control  of  vehicles  accord- 
ing to  their  business  characteristics  comprises  one  of 
the  most  difficult  elements  of  the  problem.  Each 
State  has  considered  the  question  primarily  from  the 
angle  of  its  own  needs  and  conditions,  \vith  political  and 
competitive  interests  sometimes  the  controlling  factors. 
The  business  characteristics  of  a  vehicle  depend,  of 
course,  upon  the  nature  and  purpose  of  its  use,  and  a 
primary  division  of  vehicles  would  separate  them  into 
two  classes — those  privately  owned  and  operated  and 
those  operated  for  hire.  This  division,  entirely  arbi- 
trary from  an  engineering  standpoint,  for  the  roads  and 
bridges  feel  no  difference  between  a  private  and  a  for- 
hire  vehicle,  has  been  accepted  as  a  proper  distinction 
in  most  States  of  this  country  and  in  many  foreign 
countries,  under  the  assumption  that  an  operator  using 
the  public  highways  as  a  place  of  business  for  direct 
profit  to  himself  should  pay  more  for  these  facilities 
than  the  private  operator  who  carries  his  own  goods  or 
merchandise,  or  his  own  family  or  friends,  in  vehicles 
owned  and  operated  by  him  only  incidentally  to  his 

•  Printed  in  Commercial  Car  Journal  for  March,  1932. 


major  business.  Under  the  for-hire  class  have  grown 
up  two  nuiin  divisions,  common-carrier  and  contract- 
carrier.  The  common  carrier  of  persons  (the  bus)  is 
apparently  the  simplest  type  of  these  vehicles  to  control; 
the  carrier  of  goods  or  merchandise  (the  truck)  is  more 
elusive,  and  raises  questions  of  control  which  ai'e  not 
easy  to  answer. 

Consideration  of  these  business  characteristics  of 
motor  vehicles  brings  uppermost  the  question  of  the 
competition  of  foi-hire  vehicles  witii  other  forms  of 
transport,  notably  the  railroads,  which  has  influenced 
uuich  of  the  legislation  now  found  in  many  States. 
There  has  been  a  tendency  to  regard  rail  transport  and 
motor  transport  as  more  or  less  identical  in  character, 
and  therefore  properly  subject  to  similar  forms  of 
control.  This  assumption,  however,  ignores  the  basic 
dift'erence  between  them,  which  is  the  difference  between 
essentially  monopolistic  and  essentially  individualistic 
enterprises.  The  railroad  represents  a  permanent  in- 
vestment of  large  capital;  its  operations  are  confined 
to  a  fixed  right  of  way,  of  wdiich  it  enjoys  exclusive 
ownership  and  use;  once  established,  it  partakes  of  the 
nature  of  a  natural  monopoly,  and  its  service  and  rates 
are  matters  of  primary  concern  to  the  communities  it 
serves.  The  motor  carrier,  on  the  other  hand,  is  in  its 
essence  an  individualistic  enterprise,  open  to  operators 
with  small  capital,  not  limited  to  a  fixed  right  of  way, 
possessing  great  flexibility  in  the  matter  of  operating 
units  and  routes  of  haul,  performing  chiefly  short-haul 
service,  depending  for  its  existence  upon  the  immediate 
value  of  the  services  it  renders,  and  subject  always  to 
keen  competition  (which  is  a  natural  and  efl'ective  check 
upon  its  rates  and  services)  from  other  kinds  of  vehicle 
operators  as  well  as  from  rail  and  other  forms  of  trans- 
port. In  fact,  the  only  form  of  motor  transport  which 
can  be  logically  compared  with  railroad  transportation, 
from  the  standpoint  of  public  control,  is  that  which 
deliberately  assumes  some  of  the  attributes  of  the  lat- 
ter— as,  for  instance,  the  common-carrier  bus,  which 
must  operate  over  a  fixed  route  and  give  regular  service 
in  order  to  attract  profitable  patronage.  These  obser- 
vations illustrate  some  of  the  difficulties  which  are  being 
encountered  in  arriving  at  satisfactory  solutions  to  the 
new  problems  created  by  for-hire  motor  vehicles. 

Parenthetically,  but  as  a  means  of  showing  truck 
traffic  in  its  true  relation  to  the  business  of  transporta- 
tion as  a  whole,  it  may  be  said  that  the  Interstate  Com- 
merce Conrmission  has  recently  estimated  that  in  tiie 
peak  year  1929,  when  all  forms  of  traffic  were  at  record 
levels,  only  4.2  per  cent  of  the  inland  traffic  of  the 
United  States  was  carried  by  intercity  trucks.'"  No 
estimate  was  made  of  the  pro])ortion  of  this  small  per- 
centage handled  b,y  for-hire  operators  as  distinguished 
from  private  operators.  United  States  Army  trans- 
portation experts  have  estimated  that  not  over  5  per 
cent  of  the  service  of  the  railroads  could  be  rejilaced  by 
highway  motor  transportation  at  the  present  time." 

As  previously  indicated,  highway  transport  is  pre- 
dominantly ])rivate  in  character,  and  its  competition 
with  other  forms  of  transport  must  be  ascribed  in  the 
main  to  privately  owned  and  operated  passenger  cars 
and  trucks. 

The  widely  diversified  nature  of  State  legislation 
regarding  the  business  characteristics  of  motor  vehicles 


1"  Interstate  Commerce  Commission  Report  No.  23400,  p.  403. 

11  .\ddress  by  Ezra  lirainerd.  jr.,  member  of  tlie  Interstate  Commerce  Commission, 
before  the  National  .\ssociation  of  Railroad  and  I'lilities  (Commissioners,  Richmond, 
Va.,  Oct.  20,  1931. 
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makes  analysis  difficult.  Privately  owned  and  operated 
vehicles  generally  enjoy  liberality  of  treatment,  in  so 
far  as  the  business  nature  of  theii"  operation  is  con- 
cerned, although  we  shall  later  see  in  discussing  recent 
legislation  in  Kansas  that  business  control  of  certain 
classes  of  private  vehicles  has  also  begun.  With  regard 
to  for-hire  vehicles,  however,  most  States  have  adopted 
legislation  which  definitely  affects  the  common-carrier 
type  of  operation,  and  in  numerous  cases  the  contract 
carrier  as  well.  These  matters  will  be  further  dis- 
cussed in  considering  these  special  classes  of  vehicles 
(see  p.  159). 

Taxation. — Motor-vehicle  taxation  in  the  United 
States  to-day  presents  a  picture  of  almost  complete 
nonuniformity.^-  The  principal  taxing  jurisdictions 
have  been  the  States  and  municipalities;  but  this  year 
the  Federal  Government  has  also  entered  the  held,  for 
the  first  time  since  abolition  of  the  war-time  excise 
taxes,  with  a  tax  on  gasoline  and  oil  and  new  excise  taxes 
on  motor  vehicles,  parts  and  accessories,  and  tires. 
The  two  principal  types  of  taxes  levied  arc  "general" 
and  "special."  Under  the  former  classification  fall 
the  ad  valorem  taxes  imposed  by  many  States  on  the 
motor  vehicle  as  personal  ])ro])erty;  under  the  latter 
are  the  annual  registration  and  license  fees,  motor-fuel 
taxes,  and  similar  impositions.  The  annual  registra- 
tion and  license  fees  have  diverse  bases:  Weight,  horse- 
power, cost  price  or  value,  piston  dis])lacement,  ton- 
nage capacity,  sometimes  an  arbitrary  flat  rate,  and 
sometimes  a  combination  of  certain  of  the  above  fac- 
tors. Such  vehicles  as  trailers,  hearses,  and  ambu- 
lances often  have  s]  ccial  rates.  For-hire  vehicles,  fre- 
(juently  divided  into  numerous  classes  according  to 
type  of  operation,  nre  assessed  extra  taxes  in  many 
wStates. 

As  a  particularly  striking  example  of  nonuuiformity 
in  taxes,  it  has  been  calculated  '■'  that  the  range  of  annual 
registration  fees  on  a  privately  owned  and  operated 
3-ton  truck  (net  weight  7,000  pounds,  capacity  6,000 
pounds,  gross  weight  13,000  pounds,  30  horsepower, 
value  $4,500,  equipped  with  pneumatic  tires)  is  from 
$9.60  in  Maryland  to  $134  in  New  Mexico,  with  $66.36 
as  the  average  for  the  country  as  a  whole;  and  upon  the 
same  type  tnick  when  operated  as  a  common  cariier, 
the  range  is  from  $18  in  Missouii  to  $900  in  North 
Carolina,  with  $271 .95  as  the  nation-wide  average.  The 
two  average  figures  cited  are  for  the  year  1931;  and 
when  compared  witli  the  figures  for  1923,  respectively 
$53.50  and  $90,  they  demonstriitc  lli(>  ra.i)id  lisc  in  the 
taxation  of  trucks  in  general  and  (,)f  common-carrier 
vehicles  in  i)articular.  These  fees  arc  in  addition  to 
(lie  usual  gasoline  taxes,  the  estimated  nation-wide  aver- 
age of  which  in  1931  on  this  typical  3-ton  truck  was 
$95.55  for  the  private  vehicle  and  $193.23  for  the  com- 
mon carrier,  the  difference  behig  due  to  higher  mileage 
of  the  latter.  The  t:ixes  cited  do  not  inchule  personal 
property,  municipal,  franchise,  wheelage,  or  other  local 
taxes. 

The  volume  of  taxes  paid  by  motor  vehicles  in  the 
United  States  is  indicated  by  the  estimated  figure  of 
$1,010,000,000  for  1930,  this  impressive  total  being 
made  up  as  follows:  Registration  fees,  $350,000,000; 

"  Included  in  the  source  material  on  this  subject  may  be  ciled  A  Study  on  Motor 
Vehicle  Taxes,  published  by  the  American  Automobile  Association,  Washiiiiilon, 
D.  C,  in  1931,  and  Special  Taxation  for  Motor  Vehicles,  1931  edition,  of  the  Motor 
Vehicle  Conference  Committee,  366  Madison  Avenue,  New  York  City. 

13  Facts  and  Figures  of  the  Automobile  Industry,  1931  Edition,  p.  ■}(). 


gasoline  taxes,  $515,000,000;  municipal  taxes,  $20,000,- 
000;  personal  property  tax,  $125,000,000.'*  For  1931, 
the  grand  total  was  estimated  at  $1,025,735,000  by  the 
National  Automobile  Chamber  of  Commerce,  the  in- 
crease being  due  entirely  to  higher  receipts  from  gasoline 
taxes,  which  offset  decreases  in  some  of  the  other 
categories. 

Privilege  of  operating  outside  State  of  registration. — 
The  extent  to  which  motor  vehicles  registered  in  one 
State  may  operate  in  another  naturally  depends  upon 
the  character  of  legislation  in  the  individual  States  in 
question.  Since  this  legislation  usually  possesses  little 
uniformity,  the  motor  vehicle  may  be  confronted  by  a 
large  number  of  conflicting  regulations  as  soon  as  it 
leaves  the  State  in  which  it  is  registered.  If  all  laws  in 
each  State  were  enforced  to  the  letter  against  all  vehi- 
cles entering  from  other  States,  travel  by  highway 
across  State  lines  would  um[uestionably  be  much  re- 
duced. To  avoid  some  of  these  complications  a  system 
of  reciprocal  arrangements  has  grown  up  among  the 
States,  based  usually  on  the  principle  of  "doing  unto 
others  as  others  do  unto  us."  A^jplication  of  this 
principle,  however,  is  contingent  upon  the  laws  of  the 
individual  States;  thus,  one  Commonwealth  may  have 
rigorous  limitations  as  to  length  of  time  reciprocity  is 
granted  to  ])rivate  i)assenger  cars,  or  as  to  the  size  and 
weight  of  vehicles,  while  another  has  more  liberal  regu- 
lations on  these  matters;  the  movement  of  vehicles 
between  two  such  States  is,  therefore,  automatically 
reduced  to  the  terms  of  the  more  restrictive  legislation. 

Kecent  digests  of  State  laws  '^  show  many  interest- 
ing facts  regarding  existing  reciprocal  arrangements. 
The  most  liberal  ]u-ovisions  apply  to  pri\atc  passenger 
automobiles,  and  about  half  of  the  States  offer  uncon- 
ditional rcci])rocity  (wliich  means  freedom  of  opei'ation 
throughout  the  current  registration  year  of  the  State 
of  origin)  to  all  passenger  automobiles  from  other 
States  granting  similar  privileges.  In  other  Common- 
w^ealths  the  period  of  free  operation  is  limited  to  30,  60, 
or  90  days,  or  in  one  case  (New  Mexico)  to  6  months. 
Certain  States  require  foreign  visitors  to  obtain  non- 
resident stickers  for  their  cars. 

In  the  case  of  trucks  and  other  commercial  vehicles 
the  regulations  are  much  less  liberal.  Among  the 
States  offering  no  reciprocity  whatever  to  private  or 
for-hire  commercial  operators  are:  Arizona,  California, 
Colorado,  Florida  (except  upon  special  permit),  Idaho, 
Oklahoma,  and  Tennessee  (except  for  occasional 
trip  iuiul).  Other  States  place  heavy  restrictions  upon 
the  commercial  vehicles  entering  from  "foreign" 
jurisdictions;  for  example,  Arkansas  limits  the  number 
of  trips  by  j)rivate  ()])crators  to  four  per  month,  and 
allows  no  reciprocity  on  for-hire  vehicles.  Idaho 
permits  commercial  cars  to  operate  for  profit,  not  to 
exceed  three  months,  under  temporary  license  at  one- 
eighth  the  annual  fee  per  month.  Kansas  requires 
for-hire  vehicles  to  register  if  operated  more  than  10 
consecutive  days.  Maine  offers  reciprocity  only  on 
vehicles  up  to  1%  tons'  capacity.  Maryland  stipulates 
that  foreign  commercial  ^vehicles  cannot  carry  on  intra- 
state business  or  operate  over  fixed*  routes  or  between 
fixed  termini.     Michigan  allows  private  trucks  10  days' 

"  Special  Taxation  for  Motor  Vehicles,  1931  Edition,  Motor  Vehicle  Conference 
Committee. 

'5  Baughman  compilation  (see  footnote  5,  p.  155)  and  Summary  of  Motor  Vehicle 
Acts,  1,932-33,  Automobile  Chili  of  Southern  California. 
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reciprocity,  but  requires  tliat  all  public-  curriers  oper- 
!itin<i:  over  fixed  I'outes  or  belween  lixcd  (erniiiii  must 
register. 

Evjorcement-  Tho  (iiial  eleineiit  in  (he  problem  oi 
regulating  motor  vehicles  in  general  is  that  of  enforce- 
ment of  the  motor  vehicle  laws.  'I'liis  duty  has 
always  rested  exclusively  in  the  hands  of  the  individual 
States.  State  highway  patrols  or  inspection  forces  uow 
exist  in  30  States,  with  as  many  as  475  officers  emjiloyed 
in  a  single  State.  Eighteen  States  ap|)aren(ly  have  no 
si)ecial  police  force  charged  with  enforcing  their  motor- 
vehicle  regulations,  these  duties  usiuxUy  being  entrusted 
to  (he  regular  ])cace  officers. 

SIMXIAI,  CO.NTKOI,  OT  lOH-HUJi;   VICHK  I.KS 

Although  (he  problem  of  regulating  luofor  vehicles 
in  general  is  dillicuU.  enough  in  itself,  there  is  a  special 
class  of  vehicle  which  has  created  a  set  of  additional 
l)erplexities  all  its  own.  These  are  the  for-hire  vehicles, 
including  common  carriers  and  contract  carriers  of 
jjcrsons  or  proi)er(y  or  botli. 

These  for-hire  veiiicles  offer  a  distinct  service  to  the 
public,  and  unquestionably  have  become  a  permanent 
factor  in  American  economic  life.  The  busses,  depend- 
ing for  their  successful  operation  upon  regularity  of 
service  over  fixed  routes,  have  lent  themselves  readily  to 
control  by  State  regulatory  bodies,  and  all  States  except 
Delaware  now  regulate  these  conmion  carriers  of  persons. 
The  bus  transportation  industr}'  is  well  organized,  and 
its  efforts  to  promote  both  the  public  safety  and  the 
interests  of  its  members  have  been  noteworthy. 

For-hire  trucks,  on  the  other  hand,  present  a  different 
])icture.  Although  many  of  them  are  common  carriers, 
an  even  greater  pro])ortion  are  contract  carriers  and  do 
not  hold  themselves  out  indiscriminately  to  serve  the 
general  public.  The  line  of  demarcation  l)etween  these 
two  groups  is  not  always  clear;  and,  because  of  the 
inherent  flexibility  of  the  motor  vehicle  and  its  mode 
of  operation,  ])ressure  in  the  form  of  severe  regulation 
naa}'  promptly  transform  the  common-carrier  operator 
into  a  contract  carrier,  or  the  contract  carrier  into  a 
private  owner.  The  industry  is  not  well  organized, 
and  the  divergent  interests  of  the  for-hire  operator  and 
the  private  owner,  the  common  carrier  and  the  contract 
carrier,  the  over-the-road  hauler  and  the  local  truckman 
have  further  confused  the  situation.  At  the  same  time, 
the  \yeight  of  conflicting  .State  legislation,  of  heavy 
taxation,  and  of  lack  of  reciprocal  i)rivileges  bears  most 
heavily  upon  these  carriers  who  are  in  the  business  of 
higlnvay  transportation. 

The  Interstate  Connnerce  Commission  has  sumnui- 
rized  the  present  State  regukition  of  common  and  con- 
tract carriers  by  motor  vehicles  as  follows : 

.\  survey  of  the  statutes  of  the  4<S  States  (excepting  Uela\var(>, 
which  has  no  regulatory  body  nor  regulatory  act  dealing  with 
carriers)  reveals  that  47  States  and  the  District  of  Columbia 
have  laws  regulating  the  operation  of  motor  vehicles  as  conunon 
carriers  of  passengers,  39  States  and  the  District  of  Columbia 
have  laws  regulating  the  oi>eration  of  common  carriers  of  prop- 
erty, and  34  States  have  enacted  laws  dealing  with  the  ojieration 
of  contract  carriers.  Concerning  this  last  grouj),  23  States  have 
laws  dealing  with  the  oixnation  of  contract  carriers  which  are  in 
effect,  4  States  have  made  attemjits  which  have  been  declared 
invalid  by  the  courts  chiefly  because  of  an  attempt  to  subject  the 
contract  carrier  to  tlie  same  type  of  regulation  apjjlicablc  to  the 
common  carrier,  and  7  States  have  laws  which,  though  not  yet 
attacked  in  the  courts,  seem  to  fall  into  the  same  errors  as  the 
other  voided  legislation. '^ 


"Interstate  Commerco  Corainission  licport  No.  23100,  l'J'J2,  AiiiiumJix  !■',  p.  110. 


b^ven  the  boches  in  which  administrative  control  over 
public  carriers  is  vested  vary  with  the  different  States. 
A  compilation  made  this  year  '^  shows,  for  example, 
that  common-carrier  motor  vehicles  are  under  the 
control  of  the  railroad  commissions  in  14  vStatcs,  while 
in  others  llie  regulatory  bodies  include  public  service 
or  public  utilities  commissions,  corporation  commis- 
sions, departments  of  public  works,  etc. 

In  those  States  wliich  control  the  operations  of  com- 
mon carriers,  a  certiflcate  of  convenience  and  necessity 
is  usually  required  of  such  operators  before  they  can 
begin  intrastate  oi)erations.  Application  for  a  cer- 
tificate is  made  by  the  carrier  to  the  projjerly  consti- 
tuted authorities,  listing  the  routes  to  be  covered, 
schedule  of  operations  and  rates  or  fares,  veliides  to 
be  used,  and  similar  data,  and  a  hearing  is  held  at 
which  the  jxiblic  antl  competitive  interests  are  invited 
(-0  appear.  Decision  is  then  made  as  to  w'hether  or 
not  the  desired  certificate  is  to  be  granted.  vSince  the 
operator  has  iilentified  himself  as  desiring  to  perform 
common-carrier  service,  his  legal  status  is  fixed,  and 
the  process  of  control  over  him  offers  no  insurmount- 
able difficulties. 

With  the  contract  carrier  the  case  is  different.  His 
service  is  not  to  the  public  but  to  individual  emjiloyers, 
and  private  contracts,  rather  than  public  and  cojn- 
petitive  interests,  govern  his  operations.  Some  con- 
tract-carrier service  is  of  a  regular  character,  an  ex- 
ample of  this  being  the  contract  trucking  for  chain 
groceries  in  some  localities;  some  of  it  is  irregular  in 
nature,  as,  for  example,  the  moving  van,  and  similar 
activities  which  are  of  nonrecurring  character.  In 
addition,  there  is  an  undoubtedly  large  number  of 
private  ownei's  who  niay  occasionally  haul  for  hire: 
The  farmer  who  carries  his  produce  or  livestock  to 
market  and  takes  back  any  available  pay  load,  or  the 
drayman  who  may  intermittently  perform  over-the- 
road  service.  Control  of  such  operations,  or  even 
their  detection,  sets  up  manifestly  grave  administra- 
tive difficulties. 

The  above  considciations  api)ly  to  intrastate  opera- 
tions. When  interstate  service  is  performed — such 
service  having  been  defined  as  "commerce  between 
any  place  in  a  State  and  any  ])lace  outside  thereof; 
or  between  points  within  the  same  State  but  through 
any  place  outside  thereof"  '^ — the  constitutional  guar- 
antee regarding  the  freedom  of  interstate  commerce 
takes  effect,  and  applications  even  of  common  carriers 
for  certificates  of  convenience  and  necessity  in  inter- 
state operations  have  been  pionoimced  outside  the 
power  of  State  authorities  to  deny.  Sta(e  laws  fre- 
quentl}^  nnike  specific  cxcmpdon  to  (his  effect.  Never- 
theless, the  Public  Utilities  Commission  of  Ohio  re- 
cently denied  an  api)lication  for  an  interstate  certifi- 
cate on  the  grounds  that  the  highway  over  which 
service  w^as  to  be  performed  was  already  congested  by 
trafhc.  Its  action  was  upheld  by  the  Ohio  Supreme 
Court,  but  appeal  to  the  United  States  Supreme  Court 
was  taken  by  the  applicant. 

Hours  of  labor  of  bus  and  conmion-carrier  (ruck 
drivers  have  been  limit(>d  in  a  number  of  States  by 
rulings  of  regulatory  bodi(>s,  and  in  some  cases  by 
statute.     Arizona  this  year  enacted  a  statute  making  it 


"  Bus  Facts  for  1932,  p.  47. 

i«  Uouse  of  Ucpresiuitatives  bill  12739,  "  to  ronulato  tlie  traiis|>ort;vti()ii  of  pas.seiiKcr.s 
and  propcrt.v  in  inlcrstale,  and  foreiKn  conimercc  by  motor  carriers  oporatinK  on  tli» 
public  liiKliway.-;.  and  for  other  i>urposos,"  introilucod  .luno  21,  1932,  by  Koproscnta- 
tivc  liayburn,  cliainiian  of  llic  IIo'iso  Committee  on  liilcrslalc  and  Koreik-n 
Commerce. 
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a  misdemeanor  for  any  operator  of  a  for-hire  vehicle  to 
remain  on  duty  longer  than  12  hours  in  any  24-hour 
period,  except  in  case  of  emergency  "where  life  or  prop- 
erty is  in  imminent  danger,"  and  then  only  up  to  a 
maximum  of  15  hours. 

Every  State  which  regulates  motor  carriers,  directly 
or  indirectly,  requires  insurance  or  other  financial 
responsibility  as  a  measure  of  public  protection.'^ 

On  many  of  these  varied  questions  the  States  are 
constantly  adding  to  the  volume  of  legislation  already 
accumulated,  or  are  making  substantial  revisions. 
Thus,  during  the  first  half  of  1932  changes  have  been 
made  in  the  regulatory  laws  of  Kentucky,  Mississippi, 
New  York,  Khode  Island,  and  Virginia,  and  these 
changes  were  mainly  in  the  direction  of  tighter  restric- 
tions on  sizes  and  weights  and  on  operation  of  com- 
mercial vehicles.  Perhaps  the  most  drastic  of  all  is 
the  new  Kentucky  law  ^^  which  entirely  prohibits  the 
operation  of  full  trailers,  limits  the  length  of  a  single 
vehicle  to  26 }2  feet  and  that  of  a  tractor-semitrailer 
combination  to  30  feet,  reduces  the  maximum  per- 
missible weight  of  either  a  single  vehicle  or  a  tractor- 
semitrailer  combination  to  18,000  pounds  gross,  places 
both  contract  carriers  and  common  carriers  under  the 
jurisdiction  of  the  State  tax  conimission,  and  imposes 
mileage  fees  upon  them  which  are  applicable  also  to 
interstate  operators. 

New  problems  also  are  continually  arising,  upon 
which  various  States  take  action  as  the  need  to  do  so 
becomes  apparent.  The  recent  rapid  growth  of  the 
"share  expense"  enterprises  in  tourist  transportation, 
by  which  small  parties  of  persons  agree  to  defray  the 
expense  of  travel  in  private  automobiles,  is  a  case  in 
point.  At  the  annual  convention  of  the  National 
Association  of  Motor  Bus  Operators  in  Chicago  this 
year  it  was  reported  that  the  States  of  California, 
New  Mexico,  and  Louisiana  now  regulate  this  form 
of  travel.^' 

THi;  JuniciAKY  AN<;i,i'; 

The  first  result  of  this  intricate  and  confiicting  mass 
of  legislation  in  the  several  States  has  been  a  large 
volume  of  litigation,  in  which  interests  affected  by  the 
new  laws  have  often  sought  injunctions  against  their 
enforcement.  The  courts  have  been  continually  called 
upon  to  interpret  the  new  laws,  and  cases  have  fre- 
quently been  carried  to  the  Supreme  Court  of  the 
United  States  for  final  decision. 

Two  of  the  most  important  recent  opinions  were 
handed  down  by  the  Supreme  Court  simultaneously  on 
May  23,  1932,  covering  certain  aspects  of  new  Texas 
and  Kansas  laws.^^  Both  of  these  State  laws  were 
upheld  by  a  unanimous  decision  of  the  Supreme  Court, 
Mr.  Chief  Justice  Hughes  deliveiing  the  opinion  in  both 
cases. 

One  of  the  imusual  provisions  of  the  Texas  law  in 
question  was  that  fixing  a  pay  load  of  7,000  pounds  as 
the  maximum  permitted  on  any  "commercial  motor 
vehicle"  (which  the  act  defines  as  one  designed  or  used 
for  the  transportation  of  property),  truck  tractor,  or 

"  For  further  discussion  of  these  intricate  phases  of  for-hire  carrier  regulation  the 
interested  reader  is  referred  to  the  Interstate  Commerce  Commission  Report  on 
Docket  23400,  already  cited;  an  article  on  State  Regulation  of  Motor  Vehicles  Opera- 
ting in  Interstate  Commerce,  by  Mac  Asbill,  in  American  Bar  Association  Journal, 
February,  1931;  and  an  article  on  Regulation  of  the  Contract  Motor  Carrier  Under 
the  Constitution,  by  La  Rue  Brown  and  Stuart  N.  Scott,  Harvard  Law  Review, 
February,  1931. 

'«  Kentucky  Acts,  1932,  chs.  104  and  106. 

21  New  York  Times,  Oct.  9,  1932. 

"  Opinions  of  the  Supreme  Court  of  the  United  States,  No.  826.  October  Term, 
1931  (Texas)  and  No.  677,  October  Term,  1931  (Kansas). 


trailer  operating  outside  of  an  incorporated  city  or 
town;  with  the  additional  provision,  however,  that  this 
maximum  permissible  load  may  be  increased  to  14,000 
pounds  in  the  case  of  vehicles  "used  only  to  transport 
property  from  point  of  origin  to  the  nearest  practicable 
common  carrier  receiving  or  loading  point  or  from  a 
common  carrier  unloading  point  by  way  of  the  shortest 
practicable  route  to  destination,  provided  said  vehicle 
does  not  pass  a  delivery  or  receiving  point  of  a  common 
carrier  equipped  to  transport  such  load,"  or  when  used 
to  transport  property  "from  point  of  origin  to  point 
of  destination"  when  the  latter  is  less  distant  from  the 
point  of  origin  "than  the  nearest  practicable  common 
carrier  receiving  or  loading  point  equipped  to  transport 
such  load."     On  this  point  the  opinion  states: 

It  is  said  tliat  the  exception  was  designed  to  favor  transporta- 
tion by  railroad  as  against  transportation  by  motor  truciLS.  If 
this  was  the  motive  of  the  legislature,  it  does  not  follow  that  the 
classification  as  made  in  this  case  would  be  invalid.  The  State 
has  a  vital  interest  in  the  appropriate  utilization  of  the  railroads 
wliich  serve  its  people  as  well  as  in  the  proper  maintenance  of  its 
highways  as  safe  and  convenient  facilities.  The  State  provides 
its  highways  and  pays  for  their  upkeep.  Its  people  make  rail- 
road transportation  possible  by  the  payment  of  transportation 
charges.  It  can  not  be  said  that  the  State  is  powerless  to  pro- 
tect its  highways  from  being  subjected  to  excessive  burdens  when 
other  means  of  transportation  are  available.  The  use  of  high- 
ways for  truck  transportation  has  its  manifest  convenienc^c,  but 
we  perceive  no  constitutional  ground  for  denying  to  the  Staio 
tlie  right  to  foster  a  fair  distribution  of  traffic  to  the  end  that  all 
necessary  facilities  should  be  maintained  and  that  the  public 
should  not  be  inconvenienced  by  inordinate  uses  of  its  highways 
for  purposes  of  gain.  This  is  not  a  case  of  a  denial  of  the  use 
of  the  highways  to  one  class  of  citizens  as  opposed  to  another  or 
of  limitations  having  no  appropriate  relation  to  highway  pro- 
tection. It  is  not  a  case  of  an  arbitrary  discrimination  between 
the  products  carried,  as  in  the  case  of  Smith  v.  Cahoon,  283 
U.  S.  5.53,  5(37.  The  provision  of  section  7  permitting  increased 
loads  under  the  stated  conditions  applies  to  all  persons  and  to 
all  products.  The  discrimination  is  simply  in  favor  of  short  hauls 
and  of  operations  which,  as  the  District  Court  found,  are  confined 
to  small  areas  and  greatly  reduce  the  danger  of  traffic  congestion 
and  highway  casualties. 

On  the  general  question  of  State  powers  to  fix  motor- 
vehicle  regulations,  the  same  opinion  states: 

In  exercising  its  authority  over  its  highways  the  State  is  not 
limited  to  the  raising  of  revenue  for  maintenance  and  reconstruc- 
tion, or  to  regulations  as  to  the  manner  in  which  vehicles  shall  be 
operated,  btit  the  State  may  also  prevent  the  wear  and  hazards 
due  to  excessive  size  of  vehicles  and  weight  of  load.  Limitations 
of  size  and  weight  are  manifestly  subjects  within  the  broad  range 
of  legislative  discretion.  *  *  *  When  the  subject  lies  within 
the  police  power  of  the  State,  debatable  cjuestions  as  to  reason- 
ableness arc  not  for  the  courts  but  for  the  legislature,  which  is 
entitled  to  form  its  own  judgment,  and  its  action  within  its  range 
of  discretion  can  not  be  set  aside  because  compliance  is  burden- 
some. 

In  the  Kansas  case  the  State  law  was  also  upheld. 
Here  the  Supreme  Court  findings  are  of  especial  signifi- 
cance because  the  Kansas  law  represents  one  of  the  first 
attempts  by  a  State  to  regulate  the  business  operation 
of  private  motor  vehicles  on  its  highways.  The  act  in 
question  contains  interesting  definitions.  A  public 
motor  carrier  of  property  or  passengers  is  defined  as  one 
transporting  for  hire  as  a  common  carrier,  having  fixed 
termini  or  route;  a  contract  motor  carrier  of  property 
is  defined  as  one  who  is  not  a  public  motor  carrier  and 
is  engaged  in  transportation  of  property  for  hire  as  a 
business;  and  a  private  motor  carrier  of  property  is  de- 
fined as  one  transporting  "property  sold  or  to  be  sold 
by  him  in  furtherance  of  any  private  commercial  enter- 
prise." Public  motor  carriers  in  intrastate  commerce 
must  obtain  certificates  of  convenience  and  necessity, 
and  contract  motor  carriers  and  private  motor  carriers 
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of  property,  either  in  iutr.istate  commerce  or  in  inter- 
state commerce,  must  obtain  licenses  from  the  pubhc 
service  commission.  In  addition  to  Hcense  fees,  all 
three  classes  of  carriers  must  pay  a  tax  of  five-tenths 
mill  per  gross  ton-mile,  keejjing  records  to  certify  to  the 
ton-miles  traveled  monthl}-.  No  certificate  or  license 
is  to  be  issued  by  the  commission  until  a  liability  insur- 
ance policy  approved  by  the  commission  has  been  tiled. 
The  act  does  not  ai)])ly  to  (1)  motor  carriers  oi)erating 
wholly  within  any  city  or  village  of  the  State,  (2)  ])i-i- 
vate  motor  carriers  operating  within  a  radius  of  25 
miles  beyond  the  corporate  limits  of  such  city  or  village, 
(3)  the  transportation  of  livestock  and  farm  products  to 
market  "by  the  owner  thereof  or  supplies  for  his  own 
use  in  his  own  motor  vehicle,"  and  (4)  the  transi)orla- 
tion  of  children  to  and  from  school. 

As  regards  the  tax  imposed  on  "private  motor  car- 
riers of  property,"  the  Supreme  Court  opinion  holds 
that  "requirements  of  this  sort  are  clearly  within  the 
authority  of  the  State  which  may  demand  compensa- 
tion for  the  special  facilities  it  has  provided  and  regulate 
the  use  of  its  highways  to  promote  the  public  safety. 
Reasonable  regulations  to  that  end  are  valid  as  to  intra- 
state traffic  and,  where  there  is  no  discrimination 
against  the  interstate  commerce  which  may  be  affected, 
do  not  impose  an  unconstitutioiuil  burden  upon  tluU 
commerce."  As  for  the  distinction  between  operations 
under  or  over  a  radius  of  25  miles  of  the  private  car- 
rier's home  city  or  base,  "no  impropriety  in  assessment 
or  in  collection  *  *  *  or  denial  of  remedy,  is 
disclosed." 

These  decisions  by  the  highest  tribunal  of  the  Nation 
are  of  fundamental  importance  and  may  vitally  in- 
fluence future  legislation,  since  they  uphold  the  powers 
of  State  legislatures  to  regulate  minutely  the  operations 
of  connnercial  motor  vehicles  and  justify  the  taking  into 
consideration  of  competitive  interests,  such  as  railroads. 

Numerous  decisions  have  also  been  made  by  lesser 
courts  on  regulatory  questions,  but  s]iace  does  not  per- 
mit of  any  discussion  of  them  here.  Rulings  of  regu- 
latory bodies  and  opinions  of  State  attorneys  general 
have  further  affected  the  business  phases  of  vehicle 
regulation  in  many  vStates.  The  effect  in  general  has 
not  been  one  of  clarification  or  simplification  of  the 
basic  problems  of  motor  vehicle  regulation. 


EFFORTS  TOWARD  UNIFORMITY 


The  second  result  of  the  existing  state  of  regulatory 
legislation  has  been  a  countermovement  toward  uni- 
formity and  greater  liberality  in  some  noteworthy 
quarters. 

The  most  serious  work  performed  to  date  on  certain 
fundamental  aspects  of  the  problem  has  been  done  by 
the  National  Conference  on  Street  and  Highway  Safety, 
which  held  sessions  in  1924,  1926,  and  1930,  at  which  a 
large  number  of  influential  delegates  assisted  in  draw- 
ing up  a  imiform  vehicle  code  for  consideration  and 
enactment  by  all  States.  To  the  same  general  end, 
that  of  promoting  safety  on  streets  and  liighways,  the 
American  Automobile  Association,  and  the  National 
Safety  Council  are  devoting  a  large  part  of  theii' 
attention. 

Among  State  officials  who  administer  the  vehicle 
laws  and  are,  therefore,  at  handgrips  with  the  problem, 
a  movement  toward  greater  uniformity  is  under  way 
in  certain  parts  of  the  country.  In  the  Central  States 
especially  much  thought  has  been  given  to  the  question 
in  a  series  of  conferences  at  which  as  many  as  13  States 


have  been  represented.  In  1931,  at  a  meeting  in 
Detroit,  a  committee  on  uniformity  of  the  motor 
vehicle  commissioners  of  the  Central  States  was 
organized  and  has  since  held  sessions  from  which 
have  grown  a  set  of  recommendations  to  be  presented 
to  State  legislatures.  The  Eastern  Conference  of 
Motor  Vehicle  Commissioners,  in  which  22  States  are 
officially  represented,  has  arranged  to  invite  the  motor 
vehicle  conunissioners  of  all  otlier  States  in  the  Union 
to  join  with  them  in  the  discussion  of  (juestions  of 
uniform  legislation  and  reciprocal  relations. 

Moreover,  State  administrative  oflicials,  facing  a 
dilemma  between  their  duty  to  enforce  strictly  the 
provisions  of  rigorous  laws  and  the  inevitable  reper- 
cussion such  enforcement  brings  upon  their  own 
commercial  vehicle  operatoi's  entering  neighboring 
States,  have  sometimes  found  it  necessary  to  enter 
into  emergency  reciprocity  agrecjuents  with  their 
neighbors  as  the  only  meaiis  of  preventing  a  complete 
breakdown  of  truck  traffic.  The  trouble  has  usually 
begun  when  one  State  has  started  to  imjiound  all 
trucks  from  other  States  and  to  hold  them  until  a 
license  fee  is  paid  for  each  vehicle  or  until  the  owners 
or  drivers  pay  fines.  In  retaliation,  the  other  States 
affected  have  followed  suit,  and  a  sort  of  border 
warfare  has  resulted  until  stopped  by  mutual  agree- 
ment. Each  experience  of  this  kind  has  illustrated 
anew  the  vital  part  played  in  economic  life  by  the 
commercial  vehicle  and  the  natural  pressure  of  motor- 
vehicle  transport  across  State  lines.  The  sum  total 
of  such  experiences  is  embodied  in  the  tolerant  attitude 
of  many  States  toward  at  least  the  foreign  privately 
owned  and  operated  vehicle — an  attitude  which,  it 
may  be  safely  said,  would  become  more  pronounced 
were  it  not  for  the  constant  changes  being  made  in 
State  regulations  and  the  consequent  impossibility  of 
maintaining  a.  pei'inanent  administrative  policy. 

The  National  Association  of  Railroad  and  Utilities 
Commissioners  has  been  considering  juotor  transporta- 
tion problems  for  a  number  of  years,  having  deemed 
the  question  sufficiently  important  to  ai)point  a  special 
committee  on  motor-vehicle  legislation  as  early  as 
1925,  in  addition  to  a  regular  committee  on  motor- 
vehicle  transportation.  The  annual  conventions  of 
the  association  have  given  prominence  to  discussion  of 
these  subjects. 

Another  group  of  officials  considering  these  matters 
is  the  American  Association  of  vState  Highway  Officials, 
the  membership  of  which  includes  the  highway  and 
bridge  engineers  of  the  several  States.  This  associa- 
tion, through  technical  committees,  is  working  toward 
the  establishment  of  standard  principles  in  highway 
construction,  administration,  finance,  and  use. 

More  than  40  agricultural,  industrial,  and  trade 
organizations,  comprising  a  large  jjercentage  of  shippers 
using  all  forms  of  transjjortation,  together  with  auto- 
mobile clul)s  and  various  branches  of  the  automotive 
industiy,  have  recently  joined  in  the  formation  of  a 
National  Highway  ILscrs'  Conference  with  the  ])ur])ose 
of  consolidating  aiul  strengthening  the  efforts  of  all 
groups  interested  in  motor  transport.  The  same 
interests  are  assisting  in  coordinating  the  efforts  of 
local  organizations  of  similar  character  to  deal  with  the 
legislative  situation  in  each  State.  Another  influential 
body  working  toward  uniformity  in  regulations  is  the 
Motor  Vehicle  Conference  ( 'onunittee. 

Within  recent  weeks  national  committees  have  been 
formed  to  study  broad  questions  of  transportation,  and 
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in  particular  the  i-clationship  between  highway  and  rail 
transport. 

Antomotivc  cn<iineers  are  bco-inning  to  contribute 
much  chiritication  to  the  mechanical  problems  involved, 
and  the  Society  of  Automotive  Engineers  is  now  pre- 
paring recommendations  on  some  of  the  points  relating 
to  size  and  weight  of  vehicles.  Engineers  of  the  United 
States  Bureau  of  Public  Roads  are  studying  certain 
technical  ])hases  of  the  problem,  including  impact  of 
vehicles  on  highways  and  the  consequent  elTect  upon 
the  road  surface  al)Out  which  so  many  unscientific  and 
irrational  opinions  have  been  advanced  in  the  past. 
Scientists  at  the  United  States  Bureau  of  Standards 
are  working  on  questions  of  adequate  lighting  and 
braking  for  vehicles.-^ 

Commercial  vehicle  operators  and  owners,  vitally 
concerned  in  the  present  trend  of  State  legislation,  arc 
banding  together  in  many  States  in  defense  of  their 
interests,  and  their  association  officers  are  beginning  to 
correlate  their  efforts  on  a  nation-wide  scale. 

Economists  and  business  associations,  such  as  the 
United  States  Chamber  of  Conmiercc,  the  National 
Industrial  Conference  Board,  the  National  Tax  Asso- 
ciation, and  others,  are  striving  to  find  answers  to 
those  questions  of  cost  of  motor  transport,  public 
investment  in  highways,  taxation  of  vehicles  and  the 
use  to  which  the  resulting  tax  funds  are  put,  and  the 
like,  which  will  show  accurately  the  true  position  of  the 
motor  vehicle  in  our  economic  structure  and  the  facts  by 
which  its  right  to  exist  and  develop  should  be  judged. 

From  all  these  groups  of  serious  and  cai)able  workers, 
convinced  of  the  value  of  the  motor  vehicle  to  modern 
s(.)ciety  and  its  ])resent  desperate  need  for  fairness  and 
intelligence  in  legislation,  may  soon  be  expected  to 
arise  contributions  of  the  greatest  value  to  the  ulthuate 
solution  of  the  problem  of  motor  vehicle  regulation. 

PKOPO.SED  LEGISLATION 

Despite  the  large  volume  of  motor  vehicle  legislation 
already  on  the  statute  books,  the  wave  of  lawmaking 
in  the  States  has  far  from  spent  itself.  Early  in  1933 
the  legislatures  of  43  States  are  scheduled  to  hold  their 
regular  biennial  sessions  and,  unless  all  signs  fail,  most, 
if  not  all  of  them,  will  consider  bills  which  can  hardly 
be  expected  to  improve  the  existing  complicated 
situation.  The  drive  for  increased  tax  revenue  alone 
^vill  be  used  to  justify  heavier  burdens  on  motor  vehi- 
cles, and  particularly  on  the  commercial  ty])es,  not- 
withstanding the  fact  that  returns  during  the  first  half 
of  1932  show  conclusively  that  motor  vehicle  taxes  have 
already  entered  a  period  of  diminishing  retui'iis. 

In  the  national  field  the  United  States  Congress, 
during  the  coming  session,  will  resume  consideration  of 
Federal  regulation  of  motor  vehicles  in  interstate  com- 
merce, in  which  it  has  l)een  engaged  ever  since  the 
second  session  of  the  Sixty-eighth  Congress  (1925-26). 
The  first  bills,  pro])osiiig  comprehensive  control  by  the 
Interstate  Commerce  Commission  of  motor  busses  and 
motor  trucks  engaged  in  interstate  commerce,  were 
introduced  by  the  respective  chairmen  of  the  Senate 
and  House  Committees  on  Interstate  Commerce. 
These  bills  in  modified  form  have  been  introduced  at 
each  succeeding  session  of  Congress  by  the  committee 
chairmen.  The  closest  approach  to  enactment  came 
in  March,  1930,  in  the  second  session  of  the  Seventy- 


"  Hero  may  be  piti'il  an  interesting  jilirasp  from  t.lio  opinion  of  tlie  United  States 
Hupreiuo  ('ourt  in  tlio  Texas  case  previously  referred  to:  "To  nial<eseieiiti(ie  preeision 
a  criterion  of  const  ilutional  power  would  be  to  .subject  tlio  State  to  an  intolerable 
supervifion  hostile  to  the  basic  principles  of  our  tiovernmont." 


first  Congress,  when  the  House  passed  its  committee 
bill  to  regulate  busses  and  reported  it  to  the  Senate, 
which  left  it  as  unfinished  business  on  adjournment. 
At  the  next  session  this  bill  was  recommitted,  and  died 
with  the  adjournment  of  the  Seventy-first  Congress. 
Committee  bills  in  both  Senate  and  House  were  again 
revised  and  introduced  in  the  first  session  of  the 
Seventy-second  Congress,  and  much  valuable  testi- 
mony was  taken  u])on  the  Senate  measure,'*  but 
neither  bill  was  reported  out.  Numerous  other  regu- 
latory measures  have  also  been  introduced  in  both 
Houses  of  Congress.  The  present  committee  bills  meet 
certain  recommendations  of  the  Interstate  Commerce 
Commission,  and  dift'er  from  previous  bills  in  that  they 
separate  holding-company  provisions  from  the  main  bills. 

Kecommendations  for  Federal  legislation  were  made 
in  a  re])ort  of  the  Interstate  Commerce  Commission  on 
the  subject  of  Coordination  of  Motor  Transjiortatiou, 
issued  this  year.-^  This  report  contained  a  summary 
of  evidence  presented  by  many  witnesses  at  a  nation- 
wide series  of  hearings  held  in  1930  and  1931.  In  it 
the  commission  recommended  Federal  legislation  on  the 
following  points:  Regulation  by  the  Interstate  Com- 
merce Commission  of  all  motor  carriers  for  hire  engaged 
in  transportation  of  persons  or  property  on  the  public 
highways  in  interstate  commerce;  requirement  of  a 
permit  to  operate,  and  liability  insurance;  standard 
records  of  operations;  authorization  of  through  rates 
between  common  carriers  by  motor  truck  and  common 
carriers  by  rail  and  by  water;  creation  of  joint  boards 
composed  of  members  of  State  regulatory  bodies  to 
cooperate  with  the  commission  in  administering  regula- 
tions; and  the  conducting  of  an  impartial  and  authorita- 
tive investigation  by  Congress  as  to  "whether  and  to 
what  extent  motor,  water,  and  air  carriers  o])erating 
in  com]ietition  with  the  railroads  are  receiving  direct 
or  indirect  Government  aid  amounting,  in  efl'ect,  to  a 
subsidy;  and,  if  so,  what  steps,  if  any,  are  necessary  to 
correct  this  situation,  with  a  view  to  ])lacing  competi- 
tion on  a  just  and  equitable  basis;  and  that  such  investi- 
gation, if  instituted,  be  extended  to  cover  also  the 
question  of  whether  it  is  desirable  in  the  public  inter- 
est that  regulations  aft'ecting  public  safety  and  con- 
venience in  the  operation  of  motor  carriers  be  made 
uniform  throiighout  the  country,  and  if  so,  how  such 
uniformity  may  best  be  brought  about." 

This  same  report  also  recommends  that  "railroads, 
whether  steam  or  electric,  and  water  carriers,  subject 
to  the  act,  should  be  specifically  authorized  to  engage 
in  the  transi)ortation  of  botli  jicrsons  and  property 
by  motor  vehicles  in  interstate  commerce  over  the 
public  highways  and  that  thereafter  such  service, 
when  directly  engaged  in  by  any  such  rail  or  water 
carrier,  should  be  subject  to  the  provisions  of  the  inter- 
state commerce  act  and  legislation  supplemental  thereto." 

In  the  opinion  of  the  commission,  "For  the  present 
no  requirements  should  be  made  regarding  the  qualifica- 
tions of  drivers,  hours  of  service  of  employees,  and 
the  size,  length,  weight  of  load,  and  speed  of  motor 
vehicles  operating  for  hire  on  the  public  highways  in 
interstate  commerce."  On  this  point  the  commission 
adds,  "In  order  to  obtain  desirable  uniformity  in  such 
regulations  so  far  as  they  aft'ect  interstate  commerce 
it  may  eventually  become  necessary  for  Congress  to 
occupy    this   field." 

2'  Hearings  before  the  Committee  on  Interstate  Commerce,  U.  S.  Senate,  on  Senate 
bill  2793,  Feb.  1-S,  Mar.  3-l,''>,  1932. 

"  Keport  of  the  Interstate  Coninierce  ("onunission  on  Docket  Ko.  23100,  deriilcl 
Apr.  6,  1932 
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POSSIBLE  SOLUnoNS  K)    IHK  I'liom.lOM 

We  have  seen  liow  the  molor  vehicle  within  the  s])an 
of  a  sinj2:lc  generation  lias  ereated  a  large  nnniher  of 
unprecedented  i)rol)lejns,  and  how  the  attempts  to 
solve  them  thus  far  have  been  characterized  by  general 
lack  of  uniformity,  with  resultant  costly  ineflicienc}^ 
and  waste.  Now  we  turn  our  thoughts  toward  tiie 
future  in  an  effort  to  indicate  the  general  lines  of 
possible  action  which  may  lead  to  more  satisfactory 
solutions  of  our  problems. 

The  first  question  which  arises  is  that  of  jurisdiction. 
It  must  be  said  that  the  American  Federal  system  of 
government,  with  police  powers  vested  in  48  States, 
has  made  inevitable  nuich  of  the  nonuniformity 
presented  by  motor  vehicle  laws.  Tn  the  absence  of  a 
centralized  authority,  and  of  an  enlightened  i)ublic 
opinion  on  these  specialized  subjects,  consistency  in 
legislation  could  hardly  be  expected.  Yet,  given  the 
tremendous  size  of  the  field  in  which  control  is  to  be 
exerted— 26,000,000  vehicles,  operating  over  3,000,000 
miles  of  road,  in  3,000,000  square  miles  of  territory — 
Federal  legislation  over  all  phases  of  the  i)roblem  is 
clearly  impracticable.  Such  matters  as  registration, 
licensing,  traffic  regulations,  and  the  like,  are  most 
efiiciently  handled  by  State  units.  On  other  points, 
however,  such,  for  exami)le,  as  the  interstate  o])cration 
of  for-hire  vehicles,  the  idea  has  ])een  advanced  that  tlie 
Federal  Government  might  find  a  ])roj)er  and  useful 
field   of  action. 

^Vith  this  general  observation  in  mind,  let  us  rear- 
range the  elements  of  the  problem  as  previously  listeil 
and  indicate  what  now  seem  to  be  the  most  promising 
angles  of  approach  in  the  search  for  aiuelioraliou  of 
existing  conditions.  We  may  separate  our  elements  into 
two  main  gi-oups :  Those  over  which  the  individual  States 
seem  best  fitted  to  retain  exclusive  powers  and  those 
over  which  the  Federal  Government  might  take  control 
if  need  for  such  action  were  definitely  deinonstrated. 

REGULATIONS  PROPERLY  UNDER  STATE  CONTROL 

Elements  of  regulation  properly  reserved  to  the  indi- 
vidual States  are  outlined  in  the  following  paragraphs, 
together  vriih  the  channels  through  which  the  efforts 
toward  greater  uniformity  and  rationalization  of  State 
laws  will  probably  operate. 

Registration.— The  registration  of  vehicles  and  tiie 
issuance  of  identif3ing  license  plates  are  already  pi-ac- 
ticed  in  all  States.  Although  this  phase  of  the  problem 
is  the  least  in  need  of  remechal  action,  except,  ])erha,ps, 
as  regards  a  proj)er  type  of  administi-a.tive  organization, 
the  Uniform  Vehicle  Code  of  the  National  Confej-(>nce 
on  Street  and  Highway  Safety  offers  useful  suggestions 
for  complete  uniformity  on  these  points.  Act  I  of  the 
code  is  titled  as  follows: 

Unijorm  motor  vehicle  re  (filtration,  act. —  An  ari  U>  iTCjuii'c  llio 
rcsi^ti'iition  of  motor  vehicles,  ti'ailors,  and  soiiiitrailors  and  to 
r('(|uirc'  tlit-  ])aynient  of  fees  tlu'reupon  and  to  ro()uire  report  to 
lu"  made  of  any  accident  involving  a  vehicle  and  to  inipos(^  cer- 
tain duties  and  obligations  iijion  the  owncr.s  of  motor  vehicles 
rented  without  drivers,  and  to  prevent  the  taking,  transfer  of,  or 
injury  to  any  vehicle  without  tlie  consent  of  the  owner;  to  pro\ide 
for  tlic  ofTico  of  vehicle  commi.ssioner  and  a  department  of  motor 
vehicles  and  their  jxnvcrs  and  duties  hci'eunder;  to  regulate 
court  i^roccdurc  in  certain  civil  actions  arising  under  this  act; 
to  provide  penalties  for  violations  of  this  act  and  to  make  uni- 
form the  law  relating  to  the  subject  matter  of  this  act. 

In  10  States  the  registration  laws  are  in  substantial 
harmony  with  this  act. 

Antithcjt  lecjifiUttiov . — Protection  forownei'sin  the  way 
of  antitheft  legislation  is  embodied  in  Act  Jl  of  the  I'ni- 
form  Vehicle  Code,  tiie  title  of  which  reads  as  follows: 


Umjonn  motor  vehicle  antitheft  act. — An  act  to  rccjuirc  certifi- 
cates of  title  for  registered  motor  \-cliicles;  to  facilitate  the 
recovery  of  stolen  or  unlawfully  taken  motor  vehicles;  to  i)rovide 
for  the  licensing  of  d(!alers  in  used  motor  vehicles,  trailers,  or 
semitrailers;  to  prescribe  the  ])owers  and  duties  of  the  vehicle 
department;  to  impose  certain  f(>es  to  carry  out  the  ])ur])ose  of 
this  act;  to  imi)ose  ])enalties  for  violations  of  this  act  and  1o 
make  uniform  the  law  relating  to  the  sul)ject  matter  of  this  act. 

Seven  States  and  the  District  of  Columbia  have  laws 
substantially  in  harmony  with  this  act,  while  15  others 
require  some  form  of  certificate  of  title. 

Drivers'  licenses. — The  basically  im])ortant  lecjuiii'- 
mcnt  for  the  ficensing  of  operators  and  chaud'eurs  is 
covered  in  Act  Hi  of  the  code,  titled  as  follows: 

Unifurvi  iiiotur  vehicle  operalor.'i'  and  eliauffeurs  lieeri.'<e  act.- - 
\n  act  relating  to  tlie  lic-ensing  of  motor  \i'liicle  ojierators  and 
chaufletirs  and  to  the  liability  of  certain  jiersons  for  negligence 
in  the  ojieration  of  motor  vehicles  on  the  i)ublic  liigliwa\s  and 
to  make  uniform  the  law  relating  tliereto. 

Eleven  States  have  laws  in  substantial  harmony  with 
the  code,  while  10  others  (iticlu(Hng  the  District  of 
Columbia)  have  soiue  foi-m  of  operator's  license 
requirement. 

J'rajfic  reijulat'iDii .  'V\\o  regulation  of  tradic  on  tlie 
highways  is  given  iu>eded  uniformity  by  .\(f  i\'  of  the 
code,  under  the  following  title: 

Uniform  act  rcgidatinq  traffic  on  hif/hM-ay.^.-  -An  act  regulating 
traffic  on  highways  and  ]>roviding  for  traflic  signs  and  signals 
and  defining  the  power  of  local  authorities  to  enact  or  enforce 
ordinances,  rules,  or  regulations  in  regard  to  matters  embraced 
within  the  ])rovisions  of  this  act  and  to  proxide  for  the  enforce- 
ment of  this  act  and  the  disposition  of  lines  antl  forfeitures  col- 
lected hereunder  and  to  niaki-  uniform  the  law  reflating  to  the 
subject  inatter  of  this  act. 

Some  of  the  matters  whidi  it  covers  are  as  follows: 
Traffic  signs  and  markers,  accidejits,  reckless  driving, 
speed  restrictions,  overtaking  and  ])assijig  and  other 
rules  of  the  road,  right  of  way,  ])edestiiaiis'  lights, 
street  cars  and  safety  zones,  and  sto])ping,  standing 
and  parking,  etc.  Some  of  the  provisions  of  this  act, 
it  should  be  noted,  particularly  in  Article  .W'l,  cover- 
ing length  of  vehicles,  have  recently  been  held  in  abey- 
ance pending  further  engineering  research.  Closely  re- 
lated to  this  act  are  tw  o  other  valuable  documents  of  the 
National  Conference  on  Street  and  Highway  Safety — 
a  Model  Muni('ii)al  Trailic  Oi'dinauce  and  a  Manual  on 
vStreet  Traffic  Signs,  Signals,  iind  Markings.  Eighteen 
States  have  laws  substantially  in  haiiiioiiy  witli  Ad  1\' 
of  the  code. 

The  value  of  this  uniform  veliicl(>  code  in  standard- 
izing State  pi-;ictices  on  the  essejitial  safety  ])rovisions 
above  outlined  can  not  i)e  oxercjiiphasized.  It  re])re- 
sents  a  truly  nation-wide  ap])roach  to  the  gcnci-al 
problem,  iUid  ex])resses  the  mature  views  ol  a  host  ol 
c()m])etent  authorities.  It  has  been  indorsiMJ  by  the 
National  Confei'euce  of  Commissioners  oji  l'nih)rm 
State  Laws  and  by  the  American  I^ar  Ass(»ciation. 
Promotioiud  activities  in  behalf  of  the  code,  looking 
toward  its  ultimate  adoi)tion  by  all  the  States,  are  in 
charge  of  the  Natioiial  Confcj'ejice  on  Street  and  High- 
way Safety,  Kil")  II  Street  N\V.,  Washington,  1).  C. 

Financial  respoiisibiliti/. — The  dcjuajul  for  financial 
res])onsibility  on  the  i)art  of  owners  and  o])erat(>is  of 
motor  vehicles,  which  in  a  comparatively  shoi't  tinu; 
has  brought  about  enactment  of  legislation  of  this 
character  in  19  States,  may  l)e  ex])ected  to  increase 
rapidly  and  tiie  tyi)c  of  law  briefly  outlined  on  i)age  lot; 
a])pears  to  offer  the  l)est  hojie  of  unifoiiii  action  by  the 
several  States. 

Physical  clKiracterisfics  of  rchicles.-  'Vho  wide  dis- 
parity' among  ])resent  State  I'cgulations  and  the  recent 
tendency  tow  ard  further  drastic  restrictions  in  size  and 
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weight  would  seem  to  make  uniform  action  by  the 
individual  States  themselves  almost  hopeless.  What 
are  proper  limits  to  the  length,  width,  and  height  of 
vehicles  or  combinations  of  vehicles?  Factors  to  be 
considered  are  the  width  of  highways,  radii  of  curves, 
clearance  of  overhead  structures,  traffic  conditions, 
and  other  physical  limitations  to  the  passage  of  the 
larger  vehicles,  i.  c.,  busses  and  trucks.  How  heavy 
may  a  road  vehicle  be?  Here  the  chief  considerations 
are  the  strength  of  the  highway  pavement  and  the  load 
limitations  of  bridges.  What  shoidd  the  equipment  of  a 
vehicle  be?  Under  this  heading  may  be  classified 
tires,  lights,  brakes,  horns,  mirrors,  windshield  wi])ers, 
safety  glass,  connections  between  articulated  vehicles, 
and  the  like.  On  some  of  these  points  Act  IV  of  the 
Uniform  Vehicle  Code  offers  comprehensive  suggestions; 
on  others,  new  or  revised  recommendations  are  needed. 
The  question  of  tires,  particularly,  needs  careful  con- 
sideration as  the  major  factor  in  the  effect  of  traffic 
on  the  highway  pavement;  the  pneumatic  and  balloon 
tires  have  completely  altered  the  eft'ect  of  heavy 
vehicles  on  the  road  surface,  and  are  now  in  practically 
universal  use,-^''  yet  many  State  laws  still  appear  to  be 
l)ased  upon  experience  with  solid  tires.  Recent  de- 
velopment of  the  superballoon  tire  constitutes  a  new 
subject  for  study. 

These  are  questions  for  engineers  to  answer.  That 
they  can  be  answered  is  not  to  be  doubted,  for  high- 
way construction  practices  have  now  progressed  to  a 
point  where  definite  recommendations  regarding  the 
size,  weight,  and  equipment  of  vehicles  can  be  made  on 
at  least  a  "minimum-maximum"  basis — that  is  to  say, 
basic  uniform  limits  below  which  no  individual  State 
need  go  in  fixing  the  physical  characteristics  of  vehicles 
using  its  highways,  thus  insuring  to  manufacturers, 
operators,  and  shippers  a  standard  which  they  know 
will  be  recognized  everywhere,  but  above  which  cer- 
tain States  may  set  higher  limits  for  the  benefit  of 
their  own  vehicle  users  if  they  so  desire.  As  already 
set  forth,  im])ortant  groups  are  studying  these  problems 
and  their  findings  will  be  of  the  greatest  value.  But 
the  arrival  at  general  agreement  is  a  long  process; 
even  more  distant  is  the  enactment  of  such  agreements 
into  State  laws.  If  early  improvement  is  to  be  efl'ected 
in  the  existing  irrational  situation,  the  Federal  Govern- 
ment may  be  the  onh^  agency  which  can  lead  the  States 
definitely  in  the  direction  of  uniformity  by  exerting 
its  powers  over  interstate  commerce.  Thus  the  individ- 
ual State,  while,  in  fact,  retaining  control  over  the 
l)hysical  characteristics  of  most  of  the  vehicles  using 
its  highways,  would  be  strongly  impelled  toward  a 
uniform  standard  in  fairness  to  these  vehicles  if  the 
Federal  Government  should  fix  minimum-maximum 
dimensions  for  vehicles  engaged  in  interstate  commerce, 
or  establish  such  standards  as  a  condition  for  partici- 
pation in  Federal  highway  aid. 

Bvsiness  characteristics. — Unification  of  State  regu- 
lation of  vehicles  according  to  their  business  character- 
istics appears  to  be  particularly  diflicult.  While  the 
primary  distinction  between  an  owner-operated  and  a 
for-hire  vehicle  is  well  established,  and  while  the  com- 
mon carrier  constitutes  a  well-defined  type  of  operation 
in  most  States,  the  contract  carrier  presents  real  diffi- 
culties in  legislation  because  of  the  contractual  and  non- 
public natures  of  his  service  and  his  essential  flexibility 
of    operation.     On    purely    intrastate    operations    the 

*"  Of  the  50,27O,13fi  Ures  shipped  by  Ameriean  tire  inaniifacturors  in  1931  only 
■J0y,445  tires,  or  less  than  one-half  of  1  per  cent,  were  of  the  solid  and  cushion  types, 
according  to  the  Hubber  Manufacturers'  Association  (Inc.)- 


individual  State  has  exclusive  jurisdiction,  and  any 
improvement  in  the  status  of  for-hire  operations 
within  any  particular  State  will  likely  depend  upon 
the  degree  of  success  attained  in  convincing  the  public 
and  the  legislative  assembly  of  the  value  of  motor- 
transport  service.  On  interstate  operations,  where  no 
intrastate  service  is  performed,  the  Federal  Govern- 
ment has  the  power  to  legislate  if  it  so  desires,  and  the 
numerous  bills  now  pending  in  Congress  indicate  that 
some  action  along  this  line  may  ultimately  be  taken. 

Taxation. — The  taxation  of  motor  vehicles,  which  in 
the  final  analysis  sums  up  and  expresses  concretely  all 
the  costly  inconsistencies  in  existing  State  legislation,  is 
the  one  phase  of  the  entire  problem  of  regulation  which 
is  of  most  immediate  concern  to  every  motor-vehicle 
owner,  and  to  all  those  who  use  motor  transport  directly 
or  indirectly. 

A  total  tax  bill  of  more  than  $1,000,000,000  annually 
in  the  United  States  proves  the  vital  importance  of  this 
question.  During  the  coming  months  there  will  be 
staged  in  practically  all  States  a  battle  between  those 
seeking  increased  revenue  through  higher  taxes  on 
motor  vehicles  and  those  opposing  further  taxation  as 
endangering  the  entire  fabric  of  highway  transporta- 
tion, private  and  public  alike.  Unfortunately,  little 
of  prtictical  value  can  be  suggested  as  a  remedy  for  the 
present  complex  tax  situation.  The  power  of  the 
various  taxing  jurisdictions,  whether  State,  county,  or 
municipal,  is  not  to  be  questioned,  and  the  tax-levjdng 
authorities  are  answerable  for  their  policies  only  to 
their  electors.  The  final  solution  of  these  perplexing 
problems  wdl  depend  upon  an  enlightened  public  atti- 
tude as  to  the  value  of  motor  transportation  in  all  its 
phases,  and  to  the  eft'ect  of  placing  undue  burdens  upon 
the  vehicle  and  thereby  curtailing  its  usefulness.  Here, 
too,  engineers  and  economists,  working  to  determine  the 
truth  about  highway  costs  and  usage,  and  to  establish 
fair  and  accurate  bases  for  registration  fees,  gasoline 
taxes,  business  taxes,  and  the  like,  will  be  able  to  guide 
])ublic  opinion  by  their  recommendations." 

Reciprocal  2)ririleges. — Uniformity  of  regulations  in 
the  several  States  woidd  go  a  long  way  toward  simpli- 
fying the  problem  of  reciprocal  privileges  in  the  move- 
ment of  motor  vehicles  across  State  lines,  but  would  not 
solve  it  entirely.  A  standard  registration  system,  ade- 
quate drivers'  licenses  and  financial  responsibihty,  uni- 
form requirements  as  to  physical  characteristics  of 
vehicles,  and  universally  recognized  rules  of  the  road, 
would  actually  afford  much  greater  freedom  of  move- 
ment to  vehicles  and  safety  to  the  public  than  now 
exists;  but  would  not  answer  the  question  any  State 
might  raise:  "What  are  these  foreign  vehicles  paying 

2'  Research  by  the  Bureau  of  Public  Roads  has  resulted  in  a  number  of  reports 
bearing  on  this  problem,  and  complete  lists  of  references  will  be  supplied  upon  request. 
The  following  are  thought  to  be  particularly  pertinent: 

Stresses  in  Concrete  Pavements  Computed  by  Theoretical  Analysis,  by  H.  M. 
Westergaard,  Public  Roads,  Vol.  7,  No.  2,  April,  192fi. 

Mechanics  of  Progressive  Cracking  in  Concrete  Pavements,  by  H.  M.  Wester- 
gaard, Public  Roads,  Vol.  10,  No.  4,  June,  1929. 

Motor  Truck  Impact  as  Affected  by  Tires,  Other  Truck  Factors,  and  Road  Rough- 
ness, by  J.  A.  Buchanan  and  J.  W,  Reid,  Public  Roads,  Vol.  7,  No.  4,  June,  192f). 

Interrelated  ElTects  of  Load,  Speed,  Tires,  and  Road  Roughness  on  Motor  Truck 
Impact,  by  J.  A.  Buchanan,  Public  Roads,  Vol.  11,  No.  7,  September,  1930. 

Impact  Reactions  Developed  by  a  Modern  Motor  Bus,  by  J.  A.  Buchanan,  Public 
Roads,  Vol.  12,  No.  2,  April,  1931. 

Road  Impact  Produced  by  Heavy  Motor  Bus,  by  J.  A.  Buchanan,  Public  Roads, 
Vol.  13,  No.  9,  November,  1932. 

Report  of  a  Survey  of  Transportation  on  the  State  Highway  System  of  Ohio,  1927. 

Report  of  a  Survey  of  Traffic  on  the  Federal-Aid  Highway  Systems  of  11  Western 
States,  1930. 

Domestic  Commerce  Series  No.  66,  Motor  Truck  Freight  Transportation,  pub- 
lished by  the  Bureau  of  Foreign  and  Domestic  Commerce  in  cooperation  with  the 
Bureau  of  Public  Roads,  1932. 

Statistical  tables  issued  annually  by  the  Bureau  of  Public  Roads,  including: 
Motor  vehicle  registrations  and  fees.  Gasoline  taxes.  State  highways  built  during 
year.  State  highways  e.xisting  at  end  of  year.  State  highway  income  during  year. 
State  highway  expenditures  during  year,  Local  roads  built  during  year.  Local  roads 
existing  at  end  of  year.  Local  highway  income  during  year,  Local  highway  expendi- 
tures during  year. 
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for  the  use  of  our  roads?"  The  ]irinciple  of  reciprocity 
hero  encounters  the  right  of  taxation,  and  the  only  prac- 
ticable answer  is  in  the  nature  of  a  compromise.  Pj-i- 
vately  owned  and  operated  vehicles,  including  both 
passenger  cars  and  trucks,  already  enjoy  a  favored  posi- 
tion as  to  reciprocal  ])rivileges  under  the  laws  of  numer- 
ous States,  and  the  trend  towai'd  fuller  reciprocity  for 
these  vehicles  is  becoming  fairly  well  established,  so 
that  in  time  free  movement  everywhere  nuiv  be  {)ossihl(> 
for  any  private  vehicle  properly  registered  and  tax-paid 
in  its  State  of  origin.  As  regards  for-hire  vehicles,  an 
equitable  apportionment  of  their  privilege  or  business 
taxes,  in  heu  of  license  fees,  among  the  States  they  enter 
or  traverse,  based  on  the  extent  of  tlieir  operations  in 
each  State  (c.  g.,  ton-miles  or  revenue),  would  eliminate 
the  onerous  multiple  taxation  to  which  they  are  now 
frequently  subject.  If  these  for-hire  vehicles  were  to 
be  divided  into  classes  as  to  regvdarity  or  irregularity  of 
service,  the  problem  of  control  would  be  further  simpli- 
fied by  eliminating  from  consideration  those  casual  for- 
hire  operators  whose  use  of  the  highways  in  any  particu- 
lar State  other  than  the  State  of  registration  is  sporadic, 
allowing  them  the  same  full  reciprocity  status  as 
privately  operated  vehicles. 

It  should  be  said  that  the  gasoline  tax,  which 
amounted  last  year  to  amiost  exactly  half  of  all  motor 
vehicle  taxes  collected,  obviously  represents  a  return  to 
each  State  from  the  vehicles  using  its  highways  and  thus 
provides  a  material  compensation  to  each  State  for  the 
use  of  its  highways  by  foreign  vehicles,  which  may  be 
actually  increased  by  liberal  reciprocity  measures. 
Here  again  is  a  field  for  exclusive  State  action,  and  one 
in  which  pubhc  opinion  and  the  enlightened  self-interest 
of  State  authorities  must  be  depended  upon  for  more 
liberal  regulations. 

Enforcement. — Since  the  major  portion  of  the  whole 
problem  of  motor  vehicle  regulation  appears  destined  to 
remain  within  the  control  of  the  individiuvl  States,  the 
question  of  enforcement  must  remain  primarily  a  State 
matter.  Indications  point  to  the  eventual  establish- 
ment of  some  sort  of  highway  patrol,  especially  charged 
with  enforcement  of  the  motor  vehicle  laws  on  the  pub- 
lic roads,  in  all  States  where  the  traffic  problem  is  suf- 
ficiently important  to  warrant  it.  Eventually  that  may 
well  mean  every  State  in  the  Union. 

Regulation  of  certain  special  aspects  of  for-hire  oper- 
ations will  also  logically  rest  in  the  several  States  when 
such  operations  are  of  intrastate  character.  Hours  of 
labor,  rates,  practices,  and  services  of  for-hire  vehicles, 
certificates  of  convenience  and  necessity  for  common- 
carrier  operations,  insurance  or  other  special  financial 
responsibiUty  reciuirements,  come  within  this  category. 

On  many  of  these  questions  which  lie  within  the 
exclusive  jurisdiction  of  the  individual  States  there  is  a 
pronounced  lack  of  definite  data  to  serve  as  a  basis  for 
wise  legislation.  The  Uniform  Vehicle  Code,  which  is 
a  prototype  of  the  kind  of  action  needed,  covers  but  a 
portion  of  the  whole  field  of  regulation.  The  remaining 
elements,  wliich  the  code  does  not  touch  upon,  depend 
for  their  solution  upon  the  results  of  special  study  by 
each  State  of  its  own  motor-vehicle  problems.  Immcv 
diate  opportunity  for  an  intelligent  approach  to  these 
questions  is  presented  by  the  State  legislative  assem- 
bhes  which  convene  in  the  near  future.  Given  the 
complexity  of  the  existing  situation,  and  its  importance 
to  the  general  welfare  of  the  Nation,  action  of  the  new 
legislatures  might  profitably  be  diverted  from  creation 
of  further  nonuniform  statutes,  and  confined  to  the  crea- 
tion of  commissions  of  investigation  with  specific  in- 


structions to  analyze  the  problem  of  motor  vehicle  regu- 
lation within  the  State  and,  in  addition,  to  confer  with 
commissions  of  other  States  working  along  similar  lines. 
Here  woukl  a])j)ear  to  be  the  most  fruitful  field  of  en- 
deavor now  open  to  the  States  themselves. 

THE  QUESTION  OF  FEDEUAL  CONTROL 

On  certain  elements  of  the  general  problem  the  sug- 
gestion has  been  made  from  time  to  time  that  Federal 
control  is  the  only  means  of  achieving  rational  and  uni- 
form regulations  on  a  nation-wide  scale.  Such  control, 
however,  has  never  been  suggested  as  all-inclusive  over 
all  types  of  vehicles,  but^  rathei'  as  limited  to  interstate 
for-hire  operations. 

There  is  no  cjuestion  as  to  the  autliorily  of  (he 
Federal  (iovernment  to  enter  the  Held  of  interstate 
motor  vehicle  regulation  if  it  so  desires.  As  stated  in 
the  Interstate  Commerce  Commission  Keport  on  Docket 
23400,  page  382,  "It  is  well  settled  that  the  ])ower 
over  commerce  among  the  States  conferred  upon 
Congress  by  the  Constitution  is  complete  in  itself,  ex- 
tends incidentally  to  every  instrument  and  agent  by 
which  such  commerce  is  carried  on,  may  be  exerted  to 
its  utmost  extent  over  every  part  of  such  commerce, 
and  is  subject  to  no  limitations  save  such  as  are  pre- 
scribed in  the  Constitution."  This  Federal  power  has 
already  been  exercised  over  interstate  commerce  by 
railroads,  pipe  lines,  telegraph  and  telephone  lines,  and 
by  air,  and  an  agency  of  the  Federal  Government,  the 
Steamboat  Inspection  Service  of  the  Department  of 
Commerce,  passes  upon  the  seaworthiness  of  all 
vessels  in  water-borne  commerce.  Even  communica- 
tion by  radio  is  supervised  by  a  Federal  body.  The 
field  of  highway  transportation  alone  has  not  yet  been 
entered  by  the  National  Government. 

The  question  of  Federal  control,  therefore,  is  not  one 
of  legislative  powers,  but  rather  one  of  practicabihty. 
Here  arise  matters  of  policy  to  which  no  final  answers 
can  yet  be  given,  and  the  present  discussion  accordmgly 
must  be  confined  to  a  brief  statement  of  some  of  the 
considerations  involved. 

In  a  broad  sense,  Federal  control  over  interstate 
motor  transportation,  as  currently  suggested,  may  be 
divided  into  two  parts:  The  regulating  of  operations  of 
interstate  for-hire  vehicles  according  to  their  business 
characteristics,  and  the  fixing  of  minimum-maximum 
limits  to  the  dimensions,  w^eight,  and  equipment  of 
vehicles  used  in  such  operations.  Present  legislation 
in  Congress  treats  of  only  the  first  of  these. 

Decisions  on  the  proper  policy  for  business  I'cgulation 
depend  upon  the  character  of  the  various  classes  of 
vehicles  to  be  controlled.  For  example,  interstate 
common  carriers  of  persons  (busses)  present  a  simpler 
problem  than  other  classes  of  carriers,  and  it  has  been 
suggested  that  a  competent  Federal  authority  could 
administer  them  without  great  difficulty  and  possibly 
with  some  improvement  over  the  existing  system  of 
individual  State  administration.  Such  control  would 
logically  include  issuance  of  interstate  certificates  of 
convenience  and  necessity,  requirements  with  respect 
to  service,  hours  of  labor  of  drivers,  accounting  records 
and  reports,  rates  or  fares,  routes,  and  public  liability. 
The  fact  that  every  State  of  the  Union  except  one  now 
regulates  the  operation  of  common  carriers  of  persons 
constitutes  a  firm  basis  for  interstate  regulation  by  a 
Federal  body. 

The  case  of  the  for-hire  carrier  of  property  is  not  so 
easy  to  decide.  It  has  been  exjdained  that  there  can 
hardly  be  more  than  500,000  trucks  now  engaged  in  this 
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cluss  of  service,  and  that  the  miinber  operating  inter- 
state is  certainly  very  much  less.  But,  in  any  case, 
it  has  boon  pointed  out,  even  100,000  trucks,  owned 
by  many  thousands  of  individual  companies  or  persons, 
would  present  a  very  difhcult  problem  in  centralized 
administration.  No  entirely  satisfactory  plan  for 
handling  those  operators  on  a  Federal  basis  seems  yet  to 
have  been  advanced,  and  current  opinion  appears  to 
regard  any  control  of  them  by  a  Federal  body  to  be, 
at  the  outset  at  least,  largely  of  an  experimental 
character.  It  is  along  this  line  of  reasoning,  apparently, 
that  pending  legislation  in  Congress  sets  up  a  simple 
permit  system  for  carriers  of  property,  both  of  the  com- 
mon and  contract  type,  designed  chietly  to  obtain 
useful  data  on  the  scope  of  the  problem,  which  will 
permit  of  possible  future  recommendations  as  to  more 
spocific  means  of  regulation.  From  the  point  of  view  of 
the  pu})lic  administrator  this  method  of  ascertaining 
the  scope  of  the  problem  might  prove  of  value,  although 
there  have  been  some  predictions  that  the  plan  may  be 
found  cumbersome  in  administration  and  difficult  of 
enforcement.  From  the  standpoint  of  the  operator 
and  shipper,  frank  views  have  been  expressed  that  it 
will  mean  an  additional  burden  of  expense  without 
componsaling  advantages.  In  this  divergence  of 
()])inion  the  lack  of  pertinent  data  remains  the  chief 
ol>stacle  to  an  equitable  decision. 

The  fixing  of  size  and  weight  specifications  for  inter- 
state for-hire  vehicles  as  a  proper  activity  of  the  Federal 
Government  has  also  been  given  consideration,  and  the 
view  is  held  in  some  influential  quarters  that  action  on 
this  point  would  prove  a  helpful  contribution  to  the 
task  of  standardizing  this  phase  of  the  general  problem. 
Such  standardization,  it  has  been  held,  involving  as  it 
does  important  considerations  of  pubhc  safety  and  higli- 
way  construction  practices,  could  hardly  fail  to  benefit 
vehicle  manufacturers,  shippers,  carriers,  and  the 
general  public.  On  the  other  hand,  action  of  this  kind 
by  the  Federal  Government  has  been  pronounced  an 
invasion  of  the  rights  of  the  individual  States. 

Eegardloss  of  the  ultimate  decision  on  this  knotty 
point,  a  luief  discussion  of  the  question  of  Federal 
s]iecifications  may  be  of  interest  here.  _  The  general 
subject  of  physical  characteristics  of  vehicles,  and  the 
minimum-maximum  principle  for  their  standardization, 
have  already  been  explained.  It  is  sufficient,  therefore, 
to  add  a  word  about  the  actual  method  of  fixing  such 
minimum-maxdmum  limits  on  a  national  basis. 

It  may  be  said  that  specifications  for  length,  height, 
width,  and  equipment  of  vehicles  which  nuiy  be  safely 
oj)orated  on  the  major  interstate  highways  in  every 
])art  of  the  Nation  can  be  fixed  to-day  by  competent 
engineers.  Likewise,  a  formula  for  the  weight  of 
vehicles,  taking  into  account  the  factors  of  strength  of 
highway  pavement  and  bridges,  can  be  trained  which 
will  meet  the  varying  requirements  of  all  sections  of  the 
country.  The  highway  pavement  can  be  protected  by 
a  limitation  on  the  axle  load  without  regard  to  the 
total  gross  load  on  a  vehicle  or  combination  of  vehicles. 
Ikidges  can  be  protected  by  a  flexible  fimitation  on  the 
gi'oss  load.  For  this  purpose  the  use  of  fornudas  giv- 
ing the  gross  load  as  a  function  of  the  distance  between 
the  first  and  last  axles  of  a  vehicle  or  combuialion  of 
vehicles  has  been  suggested,  and  such  formulas  have 
boon  adopted  in  seven  States. 

Whatever  may  be  the  form  of  State  or  Federal  Hmi- 
tations,  provision  will  always  be  needed  for  the  proper 
authorities  to  issue  special  permits  for  the  movement  of 
exceptional  loads  and  sizes  of  vehicles. 


CONCLUSION 

What  is  needed  most  of  all,  in  consideration  of  the 
problem  of  regidating  motor  vehicles,  is  more  factual 
data.  Not  opinions,  but  facts,  should  govern  tlie 
course  of  future  legislation.  Broad  and  truly  impartial 
investigations  of  the  whole  proldem  must  f)c  made  from 
diverse  points  of  view.  From  engineers  must  come 
facts  as  to  the  cost  of  construction  and  maintenance 
of  the  various  types  of  highways  designed  to  meet 
various  traffic  needs,  and  the  effect  upon  the  roads  of 
the  pliysical  characteristics  of  vehicles;  from  econo- 
mists, facts  as  to  the  true  place  of  motor  transport  in 
tlie  general  transportation  structure,  and  the  fair 
charges  to  be  borne  by  the  various  types  of  vehicle  in 
compensation  for  the  road  facilities  provided  for  them; 
from  safety  experts,  further  advice  on  the  uniform  con- 
trol of  traffic  and  the  reduction  of  accidents;  from  of- 
ficials of  Government,  facts  on  standardized  regulation, 
adequate  protection  for  the  public,  reciprocal  privileges 
among  the  States,  and  effective  enforcement.  In 
fact-finding  investigations  of  this  kind  a  complete 
delineation  of  tlie  elements  of  the  problem  such  as 
has  been  only  suggested  in  this  article  would  appear 
essential  to  clear  and  coordinated  results.  Agreement 
upon  definitions  and  terminology  alone  would  not  bo 
the  least  important  part  of  these  studies. 

On  those  elements  of  the  problem  which  have  been 
suggested  as  falling  within  the  jurisdiction  of  tlie 
individual  States  the  goal  of  greater  uniformity  is  to 
be  attained  through  continuation  of  the  educational 
and  cooperative  efforts  already  under  way.  On  those 
matters  which  concern  interstate  commerce  a  new 
policy  may  be  necessary.  The  cost  and  inefhciency  of 
present  conditions  must  be  weighed  against  the  poten- 
tial difficulties  of  a  new  and  hitherto  untried  system  of 
control.  The  final  answer  must  depend  upon  the  intelli- 
gent collaboration  of  all  those  interested  in  the  fair 
and  rational  development  of  that  indispensable  tool 
of  modern  society,  the  motor  vehicle. 

APPENDIX  A 

State  legislation  on  certain  aspects  of  motor  vehicle  regulation 

\FTom  '  'Digest  of  Regulations  Governing  the  Operation  of  Motor  Vehicles  through- 
out the  United  States  and  Piovinces  of  Ontario  and  Quebec,  Canada,  1931-32," 
compiled  by  E.  Austin  Baughman,  commissioner  of  motor  vehicles,  State  of 
Maryland,  Baltimore,  Md.] 


V. 

o 

D. 
0 

0 

S 

0 

m 

D, 

(^ 

CJ 

o 

u  oi 

g 

•0  <I>  _ 

■O.S 

^ 

^ 

c 

°'a 

0  'j^ 

c 

.a 

0 

Q.  t> 

State 

la 

o 

cy3 

o 
o 

■■g 

0/ 

o 

3 
3 

o 

«2 
32 

a 

3 

a.H 
11 

1° 
3  a 
ao 

a- 

0 

is  a 

03 

laximum  s 
mitted  pri 
senger  cars 
country 

o 

O 

o 

f-, 

W 

0 

«j 

f=r 

Years 

Miles 
per 
hour 

X 
X 
X 
X 

16 
16 

45. 

Arizona    ..  - 

X 

X 

X 

1 

X 
X 
X 

35. 

35. 

X 

16 

Idv 

45. 

X 

X 

X 

15 

Idv 

rp. 

X 
X 

X 
X 
X 
X 

16 
16 
14 
16 

Idv 
Idv 

X 

X 
X 

ip. 

X 
X 

X 
X 

40. 

45. 

40. 

.X 

X 

X 
X 
X 
X 
X 
X 

"'Vh 
16 
15 
16 
16 

X 

X 

35. 

46. 

Indiana     

X 

X 

X 
X 
X 

"i  ' 

Id 

(') 

X 
X 
X 

rp. 

Iowa                        

rp. 

Kansas           

rp. 

Kentucky 

rp(40). 

45. 

rp(35). 

liOtiisiana.- 

X 

X 
X 

X 
X 
X 

""'15' 
16 

X 
X 
X 

Maryland 

X 

X 

Idv 

X 

40. 

Massachusetts 

X 

X 

16 

Idv 

X 

X 

pr  (30. ) 

'  Busses  only. 


'  Cities  only. 


December,  1932 


PUBLIC    ROADS 


107 


Slate  legislation  on  certain  aspects  of  niolor  rchich  rcyuluiioii — Con 


state 

03 

a 
a  V 
SB 

o 

o 

H 
o 

a 

.§ 

o 

C3 

s 

o, 
o 

c 

ZJ 

3 

!§ 

3 

CO 

J3 

o 

c 

s 

as 

r 

1 

w 

ll 
■3c 

to 

a- 

o 
O 

Is 

Maximum  speed  per- 
mitted piivate  pas- 
.-cngcr  firs  in  open 
country 

Michigan 

X 
X 
X 
X 
X 

X 

X 

X 
X 

Ytars 
14 

X 

p<i 
hour 

rp. 

4'j 

Minnesota           .  . 

Mississippi 

30 

Missouri 

X 
X 

X 
X 
X 
X 

X 
X 

X 
X 

If) 

rp  (''5) 

-Montana— 

X 
X 

rp. 
45 

16 
15 
10 
17 
14 
IS 
16 

X 

Nevada 

X 

!dv 
Ulv 

X 

X 
X 

;i5 

\ew  Jersey 

■10 

Xew  Mexico  ,  _- 

X 

X 
X 
X 

X 

X 
X 

45 

New  Yorlv 

North  Carolina.    ._  -  . 

X 

X 

dv 

X 

X 

40. 
45 

North  Dalvota       

50 

Ohio 

X 

45 

Olclahoma      

X 
X 
X 

X 
X 

X 

45 

Oregon..  - 

X 

X 
X 
X 

X 

16 
10 
10 
12 
15 

Idv 
Idv 

Iv 

Id 

X 

X 

X 
X 

45 

Pennsylvania    -.  - 

40 

Rhode  Island --. 

rp(;i5). 

4.5. 

40 

South  Carolina 

South  Dakota 

X 
X 

X 

X 

Tennessee 

Texas    

X 

X 

ns. 

45 

Utah --- 

X 

10 

IS 

IdV 

X 

45. 

Vermont.- 

X 

X 

ns. 

Stale  legislation  tin  certain  aspects  of  inolor  vehicle  regulation — C"n. 


State 

i- 
a 

*o 

O 

s 

c- 

o 

o 

(3   O 

c 

o 

.2  2 
o 

2o 

t.  i  a 

c 

o 

3 

3  ^ 

g-o 

3  S 

si 

'^^ 

^h 

9 

C3 

5 

q 

aS 

C.C 

o 

S.'i.^B. 

a  g  ^_  g 

U} 

jq 

o 

- 

o 

o 

O 

<-, 

W 

'-^ 

'fi 

^, 

A/i/i.? 

per 

Ytiirx 

hour 

Virgiiiin  . 

X 

,x 

(■') 

\ 

(») 

45 

15 

40 

West  Virginia.. 

X 

X 

X 

X 

15 

Idv 

X 

45. 

"Wisconsin 

X 

X 

X 

10 
15 

X 

ns. 

Wyoming.      ..        

rp(3.5). 
30  ' 

District  of  Columbia  .. 

X 

X 

X 

10 

Idv 

Total.- 

32 

23 

26 

30 

10 

30 

i  Operator  license  law  adopted  in  X'irginia  in  1932;  cxnniination  of  new  ai>pljcanls 
(minimum  age,  10  yinvrs)  obligatory  after  .(uly  1.  1933. 

'  On  certain  streets  in  the  District  of  Columbia  only;  speed  limit  elsewhere,  22 
miles  per  hour. 

Note.— The  following  abbreviations  pre  u.scd,  either  singly  or  in  combination: 
X — Legislative  and/or  administrative  action, 
d— Driving  test. 

1 — Written  or  oral  test  on  motor  vehicle  laws. 
V — Test  of  vision. 

rp — Not  greater  than  is  "reasonable  and  proper";  figure  in  parentheses  indi- 
cates limit  beyond  which   higher  speed  is  deemed  prima  facie  evidence 
of  improper  driving, 
ns— Not  specified. 


APPENDIX  B 
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[ns — not  specified;  u— single  unit;  c— combination  of  units;  s— solid  tires;  p— pneumatic  tires;  d— dual  tires;  pi— pay  load;  L-  distance  in  feet  between  first  and  last  axle,  where 
weight  is  given  by  formula;  trailer  designations:   J.^— semitrailer  only;  1—1  semitrailer  or  full  trailer;  1)2—1  semitrailer  and  1  full  trailer;  2—2  trailers,  either  type] 
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'  An  abstract  of  State  laws,  including  legislation  passed  in  1932.  Figures  for  the  District  of  Columbia  are  also  incUn 
may  be  made  subsequent  to  the  publication  of  this  table,  may  bo  obtained  from  the  .state  authorities.  It  should  be 
produce-hauling  vehicles  from  the  size  and  weight  restrictions  listed  in  this  table;  and  that  special  perniils  may  be  is 

'  In  all  cases  gross  weight  ineliKles  motor  unit  (truck  or  tractor)  plus  trailer  eiiiiiprnent  indicated. 

'  Varies  with  tire  size.    Axle  load  can  not  be  greater  than  14,820  pounds. 

<  In  mountains,  CO  feet,  elsewhere,  85  feet. 

5  With  power  brakes  on  both  rear  axles;  without  power  brakes,  .30,000  pounds. 

'  Tread  width  center  to  center.    For-hire  vehicles,  96  inches  over  all. 

'  Motor  carriers:  Single  unit,  35  feet;  combination,  45  feet. 

'  Effective  Jan.  1,  1933.    Tractor-semitrailer  combination  restricted  to  same  over-all  length  as  single  luiil  (35  feet) 

•After  Jan.  1,  1934,  45  feet. 


Private   carriers,    i)ermit    caniers,    ancl    certificated 

private  contract  carriers. 
Certificated  common  carrieis. 

Truck  tractor,  4-wheel  semi  and  0-wheel  hill  trailer 
maximum  gro.ss,  83,600  pounds. 

Maximiiin  gross  weigbtof  trailer  or  semitrailer,32,000 
I>ounds.  After  Jan.  I,  1933,  pneumatic  tires  re- 
quired on  all  bus.ses,  and  on  all  trucks  operating  at 
more  than  10  miles  per  hour. 


On  less  than  8-inch  dual  tireciiuipment.  (Solid  tires 
prohibili^l,  except  for  farm  machinery  and  produce- 
hauling  vehicles.) 

On  S-inch  duals.  (Solid  tires  prohibited,  except  for 
farm  machinery  and  produce-hauling  vehicles.) 

Full  trailers  prohibited. 

Until  Jan.  1,  1934. 
After  Jan.  1,  1934. 

led.  Complete  information,  including  changes  which 
noted  that  many  States  exempt  farm  machinery  au<l 
sued  for  Ihe  movement  of  I'xccss  sizes  and  loads. 
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(18) 
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{Truck  tractor,  4-whe.;l  semi  and  6-wheel  full  trailer, 
maximum  gross  80,000  pounds.  No  combination 
including  more  than  1  semitrailer  or  full  trailer  may 
be  operated  at  more  than  10  miles  per  hour. 


."Vxle  and  gross  loads  permitted  vary  witli  axle  spac- 
ing, seasons,  and  road  types. 

Truck  tractor,  4-wheel  semi  and  0-wheel  full  trailer, 
maximum  gross:  Solids,  81,200  pounds;  pneumatics 
102,000  pounds. 

Maximum  pay  load  permitted,  7  tons. 


Truck  tractor,  4-wheel  semi  and  6-wheel  full  trailer, 

maximum  gross,  76,000  pounds. 
(Truck  tractor,  +wheel  semi  and  6-wheel  full  trailer, 
1    maximum  gross,  60,000  pounds. 


Additional  trailers  by  special  permit. 


0-wheel  truck  and  two  4-wheel  full  trailers,  maximum 
gross:  Solids,  60,000  pounds;  pneumatics,  72,000 
pounds. 
I  Truck  tractor-semitrailer  combination  regarded  as 
'.  single  vehicle;  truck  tractor,  4-wheel  semi  and  6- 
(  wheel  full  trailer,  maximum  gross,  40,000  pounds. 
/Solid  tires  not  permitted  except  in  municipalities  or 
\    within  3  miles  thereof. 


14,000  pounds  pay  load  permitted  when  being  trans- 
ported to  or  from  nearest  common  carrier  loading 
point. 


r>        -ii   ]         ,1  I  ■  1  1  Permits  required  in  all 

Permitted  on  all  highways.  j     '  ^^^^^ 

Permitted  on  State-aid  roads. f    ^^^^.^  20,000  pounds 
Combination  including  semi  and  full  trailer,  if  regis- 
tered prior  to  Mar.  26,  1932,  may  be  operated  until 
I     Apr.  1,  1934. 


Class  A  highwavs.lSolid  tires  prohibited  after  July 

Class  B  highways./    1,1934. 

'Permits  required  on  all  gross  weights  exceeding  30,000 

,    pounds. 

[Truck  tractor,  4-wheel  semi  and  6-wheel  full  trailer, 
ma.ximum  gross:  Solids,  72,000  pounds;  pneu- 
matics, 79,200  pounds.     New  registration  of  solid 

i    tired  vehicles  under  special  permit  only. 


'"  33  feet  on  principal  routes,  as  designated  by  Department  of  Public  Works;  tractor-semitrailer,  40  feet. 

'I  Varies  with  number  of  axles:  2  axles,  16,800  pounds;  more  than  2  axles,  13,000  pounds. 

''  Varies  with  tire  equipment. 

13  Klleetive  Jan.  1,  1933. 

1*  On  paved  highways. 

"  Varies  witli  number  of  axles:  2  axles  oi  less,  15,000  iioiiiids;  inori;  lli;ui  2  axles,  10.000  pounds. 

'»  Ksclusive  of  coupling. 

1'  Varies  with  number  and  spacing  rf  axles. 

18  Gross  load  determined  by  capacity  of  bridges  by  following  formulas:  H-20  design,  gross  load  =  l,330  (L+40);  H-15  design,  gross  ioad  =  l,000  (L+40);  H-IO  design, 
grossload  =  670  (L+40). 

i»  Limited  to  14,000s  and  15,400p  for  vehicles  with  6  or  more  wheels,  a  tractor  and  semitrailer  combination  being  considered  as  a  single  vehicle  as  regards  weight  limitations 
only. 

">  Tractor  and  semitrailer  combination  is  con.sidered  as  a  single  vehicle  of  6  or  more  wheels  as  regards  weight  limitations  only. 
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The  reports  of  research  published  in  this  magazine  are  necessarily  qualified  by  the  conditions  of  the  tests  from  which  the  data  are 

obtained.    Whenever  it  is  deemed  possible  to  do  so,  generalizations  are  drawn  from  the  results  of  the  tests;   and,  unless  this  is  done, 
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SURFACE  TREATMENT  OF  TOPSOIL  ROADS ' 

Reported  by  J.  S.  WILLIAMSON,  Assistant  to  the  State  Highway  Engineer,  South  CaroHna  State  Highway  Department,  and  PAUL  F.  CRITZ,  Associate    High- 
way Engineer,  United  States  Bureau  of  PubUc  Roads 


ABSTRACT. — This  project,  ap])roxiiuately  S  miles  in  length, 
/\  was  constructed  in  May  and  Jnne,  1925,  on  United  States 
X  \  Route  176,  between  the  south  limits  of  Inmau  and  the 
North  Carolina  Stale  line.  The  surface  treatment  consisted  of 
a  prime  coat  of  one-quarter  gallon  per  scpiare  yard,  a  second 
application  of  one-third  gallon  ])er  sciuare  yard,  and  45  pounds 
of  cover  material.  Cut-ljack  asphaltic  oil  and  S-13  viscosity 
(Engler)  tar  were  used  as  primers.  The  nuiterials  used  for  second 
application  were  asphalt  of  150-200  penetration  and  tar,  both 
applied  hot.  One-fourtli  to  one  inch  crushed  granite  was  used 
as  cover  material  on  all  sections  except  a  part  of  section  9,  on 
which  J4-inch  chats  were  used,  and  parts  of  sections  9  and  10,  on 
which  J4-1  inch  slag  was  used. 

Seal  coats  were  apj^lied  to  a  portion  of  the  experiment  in 
November,  1925,  and  the  remainder  was  sealed  in  March,  1926. 
The  seal  consisted  of  one-fifth  gallon  of  bituminous  material, 
and  cover.  The  following  materials  were  used  on  diifcrent 
sections  and  parts  of  sections:  18-25  viscosity  tar,  8-13  viscosity 
tar,  quick-drying  asphaltic  oil,  and  slow-drying  asphaltic  oil. 
Sand  and  yi-Yi  inch  crushed  granite  were  used  as  cover. 

Portions  of  sections  7,  8,  10,  and  11  required  re-treatment  in 
1928,  and  part  of  section  11  in  1929.  In  1930  portions  of  sections 
8  and  11  were  given  treatments  for  the  purpose  of  providing  a 
nonskid  surface.  Maintenance  was  continued  until  July  1931, 
when  the  road  was  abandoned  for  a  new  location.  The  average 
costs  for  maintenance  and  re-treatments  over  the  6-year  period 
amounted  to  $324  per  mile,  or  $270  per  mile  exclusive  of  the  cost 
of  nonskid  treatments  applied  to  sections  8  and  11.  The  initial 
cost  of  .surface  treatment,  including  seal,  varied  from  17.67  to 
24.43  cents  per  square  yard. 

Two  materials  failed  to  prove  satisfactory,  the  cut-back 
asphaltic  oil  which  was  used  as  a  jjrimer  and  the  slow-drying 
asphaltic  oil  used  in  the  seal  treatment.  The  former  was  a  com- 
bination of  a  heavy  asphaltic  base  and  a  highly  volatile  dis- 
tillate. Because  of  its  high  original  viscosity,  increased  by  the 
loss  of  distillate  on  application,  there  was  little  penetration. 
The  slow-drying  oil  developed  a  surface  that  was  slippery  in  wet 
weather,  and  its  u.se  has  been  largely  discontinued  in  favor  of 
tars  and  cjuick -drying  asphalts. 

At  the  termination  of  the  project  all  the  sections  were  in  good 
condition  and  indicated  that  they  would  have  continued  to  give 
excellent  service.  Average  traffic  on  this  road  was  in  the  neigh- 
borhood of  600  vehicles  per  daj'  in  1924  prior  to  treatment,  and 
about  950  in  1931. 

Beginning  in  the  summer  of  1923  the  South  Caroliaa 
State  Highway  Department  undertook  to  develop  an 
inexpensive  bituminous  treatment  for  use  on  the  better 
class  of  topsoU  and  sand-clay  roads,  included  in  the 
State  system.  It  was  hoped  to  provide  an  all-weather 
surface  which  would  eliminate  the  dust  nuisance  and 
carry  comparatively  dense  motor  traffic  without  ex- 
cessive maintenance  either  for  an  indefinite  period  or, 
for  certain  roads,  until  such  a  time  as  funds  might 
become  available  for  providing  a  higher  type  of  pave- 
ment. 

A  considerable  mileage  of  topsoil  and  sand-clay  roads 
had  already  been  constructed  which,  under  favorable 
conditions,  were  proving  entirely  adequate.  However, 
on  some  roads,  because  of  the  amount  of  traffic  or  the 
character  of  the  soil  or  both,  it  was  impossible  to  pro- 
vide a  satisfactory  riding  surface  free  from  objectionable 
dust  in  spite  of  excessive  maintenance.  It  was  to  design 
a  surface  for  such  roads  that  a  study  of  bituminous 
treatment  was  carried  on  by  the  State  in  1923  and  1924. 

The  first  series  of  experimental  surfaces  was  con- 
structed in  1923  and  embraced  six  short  sections.  Five 
of  these  were  constructed  l)y  the  penetration  method, 
the  sixth  by  surface  treatment.  The  conclusions  drawn 
from  this  grou])  of  ex])eriments  were  that  the  jienetra- 
tion  type  was  less  practical  than  the  thin  mat  type  of 
surface  treatment,  and  that  the  degree  of  success  ob- 

'  Final  report  on  a  cooperative  experiment  in  bituniinous  surface  treatment  by  the 
South  Carolina  State  Highway  l;epartnient  and  the  Bureau  of  Public  Hoad?. 
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tallied  with  the  latter  was  dependent  ui)on  the  quality 
of  its  supporting  base. 

The  second  series,  l)uilt  during  1924,  covered  six 
sections  surface  treated  with  heavy  oils  and  tars  as 
binding  materials,  with  and  without  light  oil  and  tar 
primmg  coats.  The  binding  materials  were  apj)Iied  at 
the  rate  of  a])proximately  a  half  gallon  and  the  ])riming 
materials,  wlien  used,  at  about  one-fourth  gallon  ])er 
square  yard.  Within  a  year  after  construction  almost 
half  of  the  areas  on  which  the  ])riming  coat  had  been 
omitted  re((uired  scarifying  and  re-treating,  as  did 
approximately  one-third  the  area  of  the  section  on  which 
a  light,  asphaltic  oil  was  used  as  a  primer.  Tlie  two 
sections  on  which  a  light  tar  jirime  coat  was  used 
apparently  remained  in  better  conditit)n  as  the  per- 
centage of  failure  recorded  was  much  less. 

In  this  early  experimenting  it  was  noted  (hat  some 
combinations  of  bituminous  materials  wej-e  satisfac- 
tory for  some  soil  conditions  l)ut  wei'e  not  so  satisfac- 
tory under  other  conditions.  The  form  of  treatment, 
however,  gave  such  promising  lesults  in  general  that 
the  highway  department  in  cooperation  with  the  Bureau 
of  Public  Roads  consti'ucted  an  exi)erimental  project 
to  study  the  feasibility  of  surface  treating  topsoil  or 
sand-clay  roads  using  various  types  and  grades  of  bitu- 
minous materials.  The  preliminary  studies  here  briefly 
touched  ujion  are  described  in  detail  elsewhere,-  and 
are  not  included  in  this  report,  which  covers  only  the 
cooperative  experimental  project  referred  to  above. 

The  cooperative  project  was  built  in  May  and  June, 
1925,  on  State  Road  19,  now  designated  as  United 
States  Route  17(i,  between  the  south  city  limits  of 
Inmau  and  the  North  Carolina  State  line.  It  was  ap- 
proximately S  miles  in  length  and  was  divided  into  five 
sections.  Bituminous  treatment  was  applied  over  a 
width  of  19  feet,  except  for  a  distance  of  3,800  feet 
through  the  town  of  Inmaii,  where  its  width  was  25  feet. 
A  report  describing  the  construction  and  early  behavior 
of  the  project  was  published  in  Public  Roads,  volume  8, 
No.  9,  November,  1927.  The  project  was  maintained 
jointly  by  the  State  and  the  bureau  until  July,  1931, 
when  the  road  was  abandoned  for  a  new  location  aiul 
the  construction  of  a  high-type  pavement.  A  record 
was  kept  of  the  cost  and  character  of  maintenance  and 
of  the  service  behavior  of  each  section.  Table  1  gives 
the  location,  description,  and  maintenance  cost  of  the 
various  sections. 

As  previous  experience  had  taught  that  the  surface 
treatments  remained  more  satisfactory  on  some  types  of 
soil  than  on  others,  a  study  of  the  topsoil  and  subgrade 
was  made  prior  to  aj)pl3'ing  the  bituminous  surfaces,  in 
order  to  determine  if  possible  the  properties  which  a. 
satisfactory  soil  base  should  j)ossess.  It  was  observed 
that  on  a  major  portion  of  each  section  the  road  surface 
was  smooth  and  well  bonded  l)ut  on  the  remaining  areas 
it  was  rough,  pot-holed,  or  in  a  loose  condition.  On 
that  portion  of  section  1 1  between  stations  729  +  00  and 
791  +  25  the  surface  scaled  badly  during  treatment 
work.  This  condition  was  caused,  it  was  believed,  by 
the  finely  crushed  granite  which  had  been  spread  over 
the  surface  to  a  depth  of  about  2  inches  but  which  had 
not  worked  into  the  surfacing  material  and  as  a  result 
was  only  partially  bonded. 

'  Surface  Treatment  of  Roads,  by  N.  S.  Anderson,  Proceedings  of  the  Fifth  Annual 
Asphalt  Paving  Conference. 
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Table   1. — Ccnstruction  details  and  maintenance  costs 

ORIGINAL  CONSTRUCTION 


Sec- 
tion 


7  1.. 
8.,., 


II  '... 


Station 


0-f  00  to  82+50 
436  to  512 

1512  to  517 

{517  to  5.33 

[.533  to  536 

f536  to553 

\553  to  622+50. . 


622+50  to  791+25.. 


Seal 


November,  1925. 


Stations  sealed 


.38+00-82+50.. 
0+00-38+00... 
436-512 

512-536 

574+50-622+50, 

/536-553 

1553-574+50 

622+50-720 

720-735 

735-750 

750-780 

780-791+25 


Bituminous  mate- 
rial ( Vs  gallon 
per  square  yard) 


18-25  viscosity  tar. 
8-13  viscosity  tar.. 
Quiek-drying    as- 
phaltic  oil. 

8-13  viscosity  tar. . 


18-25  viscosity  tar. 
[8-13  viscosity  tar-. 


Slow-drying 
phaltio  oil. 


Cover 


Sand... 

do. 

do. 


.do. 


do 

H  in.-^  in 

granite. 

Sand... 

.-.-do 

H  in.-54  in 

granite. 

Sand 

Vi   \n.-%  in 

granite. 
Sand 


Cost 

per 

square 

yard 


Cents 

\  21.  39 

17.67 

24.43 


22.84 


>  18.  04 


MAINTENANCE   AND    RETREATMENT   COSTS 
[Cents  per  square  yard] 


1925-26 

1926-27 

192- 

-28 

1928-29 

1929-30 

1930-31 

Total 

Average 
annual 

Annual 
surface 

Section 

Mainte- 
nance 

Mainte- 
nance 

Treat- 
ment 

Mainte- 
nance 

Treat- 
ment 

Mainte- 
nance 

Treat- 
ment 

Mainte- 
nance 

Treat- 
ment 

Mainte- 
nance 

cost  per 
mile  20 
feet  wide 

7                                                       

3.08 

2.63 

2.37 
4.00 

5.56 

2.11 

1.99 

.78 
2.07 

3.22 

3  0.99 
3  1.39 

1.30 

1.20 

.62 
.69 

2.01 

1.22 

1.51 

.97 
1.33 

1.41 

1.57 

1.14 

.73 
1.64 

1.36 

1.33 

.74 

1.42 
.66 

.37 

{ 
{ 

11.60 
19.40 

6  10.  60 

6.89 

13.  46 

23.51 

'  17.  65 

1.93 
3.23 

M.77 
1.15 
2.24 
3.92 

5  2.94 

$226 

8                                  ..   .   --   -.. 

3  <  4. 84 

3 1  3. 96 

379 

»208 

135 

9                                                    . 

JO                                          

3  3.07 
3  1.31 

263 

11                                      -.. 

3  2.41 

3  <  5. 86 

460 

'  345 

/           324 
1          »270 

•  Treatment  was  made  25  feet  wide  from  station  0+00  to  38+00;  remainder  of  project  was  19  feet  wide. 

2  Station  equation:  Sta.  721+00=722+00. 

3  Section  treated  in  part  only  but  cost  is  proportioned  over  entire  section. 
<  Treatment  applied  mainly  to  provide  a  nonskid  surface. 

5  Costs  exclusive  of  nonskid  treatment.  ' 

Table  2. — Analysis  of  topsoil  and  subf/rade  samples  ' 
SAMPLES  TAKEN  FROM  THE  TOPSOIL  SURFACE 


Mechanical  analysis 

of  granular  m 

aterial 

a 
a 

a 
a 

a 

Shrinkage 

3« 

3 

-U 

o 
2 

a 
o 

S3 
o 
□ 

•§2 

2S 

HS 

§1 

si 

S^ 

8 
0 

0 

a 

03 

a 
0 

a 

a 

Condition    of   the    topsoil    surface 

>. 

6 

■^ 

s: 

.^•Z. 

zS 

zz 

ZZ 

?^ 

-^2 

0 

a 

a" 

'3 

-a 

S3 

before  treatment 

o 

2 

"m 

•a 

•o 

T? 

Id 

■a 

■o 

■a 

M 

g 

<3> 

d 

wo 

2 

o 

a 
o 

"5 

S 

0.9 

a  S 

is 

12 

be® 
a  S 

a. 9 

W  03 

■3 

0 
0 

>, 

B 

_w 

a 

a 

S 

a  ® 

03  <^ 

03  » 

03  9 

03  Oi 

oj  CO 

g 

0 

^A 

to 

M 

rt 

(X,  " 

PH  ■" 

f^  *- 

Ph  ■- 

fu'- 

Ph*- 

b- 

cc 

0 

0 

hJ 

Ph 

hj 

« 

Q 

1,562 

1  563 

7 
7 

5 
28 

4 
14 

7 
<J 

8 
8 

26 

9 

8 

12 
10 

4 
3 

70 

74 

17 

18 

13 

8 

7 
6 

8 
8 

7 
6 

Smooth,  well  bonded. 

Loose,  poorly  bonded. 

IM5 

8 

446 

8 

3 

5 

34 

12 

9 

73 

14 

13 

5 

8 

17 

0 

15 

1.8 

5 

RouEh,  well  bonded. 

1,546 

8 

472 

5 

3 

6 

37 

13 

11 

3 

78 

14 

8 

3 

6 

17 

0 

15 

1.  7 

6 

Loose,  poorly  bonded. 

1,547 

8 

497 

8 

4 

29 

9 

10 

4 

68 

21 

11 

7 

13 

31 

6 

21 

1  7 

6 

Good,  well  bonded. 

1,649 

9 

525 

11 

5 

5 

38 

14 

11 

0 

84 

12 

4 

2 

4 

15 

0 

6 

Loose,  poorly  bonded. 

1,551.  ... 

10 

552 

3 

1 

6 

33 

10 

11 

4 

71 

15 

14 

y 

10 

23 

0 

19 

1.7 

5 

Good,  well  bonded. 

1,553 

10 

585 

3 

2 

4 

37 

13 

10 

2 

71 

15 

14 

5 

8 

19 

0 

15 

1.8 

4 

Good,  fairly  well  bonded. 

1,554 

10 

620 

1 

4 

6 

36 

11 

11 

2 

71 

15 

14 

5 

9 

18 

0 

15 

1.8 

6 

Do. 

1,5.55 

I, .550 

11 
11 

601 
693 

4 
8 

5 
10 

7 
7 

34 
30 

11 
11 

8 
9 

o 

74 

13 
15 

13 

8 

8 
4 

8 
7 

16 
14 

1.7 
1.7 

8 

Good,  well  bonded. 

18 

0 

Smooth,  poorly  bonded. 

1„55« 

11 

726 

7 

7 

26 

10 

12 

2 

66 

18 

16 

7 

12 

23 

0 

19 

1.6 

5 

Fairly  smooth,  fairly  well  bonded. 

1,559 

11 

7.57 

8 

9 

6 

25 

12 

11 

5 

76 

20 

4 

5 

7 

17 

0 

17 

1.  7 

5 

Loose,  very  poorly  bonded. 

1.560 

11 

785 

2 

5 

6 

30 

16 

13 

4 

76 

16 

8 

5 

8 

20 

0 

18 

1.7 

Do. 

SAMPLES  TAKEN  FROM  THE  SUBGRADE 


1,565 

7 

49 

0 

1 

1 

26 

9 

8 

4 

49 

16 

35 

10 

21 

44 

22 

27 

1.5 

1,548 

8 

497 

0 

2 

4 

26 

8 

9 

3 

52 

14 

34 

11 

21 

37 

12 

20 

1.6 

1,552 

10 

552 

5 

4 

6 

29 

10 

12 

4 

70 

17 

13 

7 

.13 

30 

0 

23 

1.6 

1,5.57 

11 

693 

1 

5 

5 

23 

7 

8 

4 

53 

19 

28 

8 

14 

33 

15 

21 

1.7 

•  According  to  the  present  laboratory  method  of  analysis,  the  topsoil  materials  would  most  probably  fall  in  the  friable  varieties  of  the  A-2  soil  group,  while  the  subgrade 
materials  would  be  classified  as  follows:  No.  1.5.52,  friable  A-2;  No.  1,557,  plastic  A-2;  Nos.  1.548  and  1,565,  A-7 

2  Although  originally  determined  by  methods  not  now  in  use,  the  values  given  herein  are  corrected  to  conform  to  present  laboratory  practice  of  defining  silt  and  clay. 
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Table  3. — A7ial!/ses  of  the  tars  used  in  the  original 

constr 

tciiun 

Laboratory  No 

27,153 

27,154 

27,198 

27,199 

27,201 

27,706 

27,769 

■Section 

7 

7 

9  and 
10 

10  and 
11 

11 

7  and 
10 

7  9  and 

10 

Location  of  use  (stations). 

0+00 

to 
82+50 

0+00 

to 
82+50 

512  to 

536, 536 

to  622 

+50 

536  to 

630, 729 

to  791 

+  25 

630  to 
729 

38+00 
to  82+ 
50,  574 
+00  to 
622 
+00 

0+00 

to 
38+00, 
512  to 

574 

Purpose 

Prime 
coat 

Sec- 
ond 
appli- 
cation 

Sec- 
ond 
appli- 
cation 

Prime 
coat 

Prime 
coat 

Seal 
coat 

Seal 

coat 

Specific  gravity,  2o°/25°  C 

Specific  viscosity,   Engler,  at 
25°  C. 

1.186 

1.23 

1.231 

1.169 

48.7 

12 

1. 158 
30.7 
11.3 

1.176 
18.9 

1.145 
53  8 

Specific  viscosity,   Engler,   at 
40°  C 

12.4 

11  4 

Float  test  at  32°  C seconds.  . 

167 
69 

88.5 
11.4 

.1 

0 
0 
2.25 
7.10 
3.  66 
87.15 

42 

182 

Float  test  at  50°  C do 

Bitumen      soluble      in      CS2 

.percent-. 

Free  carbon do — 

Inorganic     matter     insoluble 

per  cent.. 

Distillation- 
Water do 

Distilled  to  170°  C.do.... 

92.2 
7.7 

•1 

1.2 
2.29 
7.07 

10.83 
6.49 

73.28 

34 

81.8 
18.1 

.1 

0 

0 

2.47 

6.54 

4.73 

86.60 

49 

88 
11.8 

2 
2.79 
9.33 

10.90 
5.10 

71.84 

40 

89.6 
10.3 

.1 

2.4 
4.21 
6.25 
9.98 
5.83 
73.79 

38 

'"8.'8" 
.1 
1.36 

94.75 
5.19 

2.57 

170°  to  235°  C .do.... 

235°  to  270°  C do.... 

270°  to  300°  C do.... 

Residue do 

Softening  point  of  residue, 
°  C... 

4.83 
12.51 

6.24 
75.33 

30 

8.80 
12.76 

6.76 
69.04 

38 

The  depth  of  tlie  old  topsoil  wearing  surface  varied 
thi-oughout  the  sections,  ranging  from  4  to  8  inches. 
Samples  of  the  topsoil  surfacing  and  of  the  subgradc 
were  analyzed  and  the  results  are  given  in  Table  2, 
together  with  a  statement  of  the  general  appearance 
of  the  surface  at  the  time  the  treatments  were  applied. 

The  bituminous  materials  were  selected  with  a  view 
to.  forming  a  stable  mat  of  bitumen  and  stone  which 
would  adhere  to  the  topsoil  surface.  In  the  early 
experiments  it  had  been  found  that  a  bituminous  mate- 
rial sufficiently  viscous  to  hold  a  stone  cover  did  not 
adhere  satisfactorily  to  an  untreated  surface  and  that 
a  priming  application  was  highly  desirable.  The  ma- 
terials used  on  this  project  for  priming  were  fluid 
products  designed  to  penetrate  well  and  to  dry  rapidly 
to  permit  early  application  of  the  second  coat.  The 
analyses  of  the  various  bituminous  materials  used  are 
given  in  Tables  3  and  4. 

The  general  procedure  in  constructing  the  bitumi- 
nous surfaces  was  to  sweep  the  topsoil  surface  clean 
of  all  loose  and  foreign  material  and  then  to  apply 
about  one-fourth  gallon  per  square  yard  of  the  selected 
priming  material.  Holes  or  breaks  occurring  in  the 
topsoil  surface  were  repaired  after  priming,  ordinarily 
by  filling  the  depression  with  stone  but  in  the  case  of 
very  bad  breaks  a  bituminous  cold  patch  mixture  was 
used.  A  considerable  amount  of  such  repair  work  was 
required  on  the  north  third,  approximately,  of  section 
11. 

The  prime  coat  was  permitted  to  penetrate  and  set 
up  for  a  day  or  two  after  which  a  more  viscous  bitumi- 
nous material  was  applied  at  the  rate  of  about  one- 
third  gallon  per  square  yard.  The  surface  was  im- 
mediately covered  by  hand  with  about  45  pounds  j)er 
square  yard  of  the  mineral  cover  selected  and  then 
rolled,  after  which  the  section  was  opened  to  traffic. 
During  the  first  two  or  three  weeks  following  construc- 
tion it  was  necessary  to  respread  the  cover  material 


Taulk  L — Anal!/.st!i  of  the  asjihultic  malci  ials  used  in  the  orajiual 
construction 


Laboratory  number      ..    . 

27,197 

27,200 

27,202 

27,203 

27,705 

27,760 

Section 

8  and  9 

8 

11 

11 

11 

8 

Location  of  use  (stations) 

436  to 
512,  512 
to  536 

436+00 
to  512 

700  to 
791+25 

622+50 
to  700 

622+50 

to 
791+25 

436+00 

to 
512+00 

Purpose -- 

Prime 
coat 

Sec- 
ond 
appli- 
cation 

Sec- 
ond 
appli- 
cation 

Sec- 
ond 

appli- 
cation 

Seal 
coat 

Seal 

coat 

Specific  gravity  25°/25°  C 

0. 950 

28 

31 

329 

117 

1. 031 
235 

1.032 
235 

1.031 
235 

0. 9473 

90 

150 

169.  3 

44. 19 

0  9439 

Flash  point °  C 

Hurniiig  point °  C. 

30 

Spi'cific  viscosity,  Engler,  at  25°  C 

84.7 

Specific  viscosity,  Kngler,  at  40°  C 

31.8 

Spt^cific  viscositv,  lOnglcr,  at  100°  (^ 

336 

165 
40 

327 

161 
40 

332 

164 

40 

Penetration,  25°  C,  100  grams,  5  sec- 
onds  

Softening  point °  C. 

Loss,  163°  C,  5  hours,  20  grams 
per  cent.. 

23 

4,122 

360 

21.3 

852 
237 

9.0 

32.2 

Residue,  Hoat  test,  32°  C seconds.. 

Residue,  float  test,  50°  C do 

Loss,  163°  C,  5  hours,  50  grams 
. .    percent 

.17 

.14 

.16 

6.1 

27  4 

Residue,  float  test,  32°  C seconds.. 

Residue,  float  test,  50°  C do 

Residue,  penetration,  25°  C,  100 grams, 
5  sec 

139 

99.8 

.2 

0 

23.6 

147 

99.8 

.2 

0 

24.2 

146 

99.8 

.2 

0 

23.  5 

Bitumen  soluble  in  CSj per  cent.. 

Organic  matter  insoluble do 

Inorganic  matter  insoluble do 

Bitumen    insoluble    in    86°    Baum6 
naphtha .per  cent.. 

99.8 
.2 
0 

20 

99. 9 
.1 
0 

13.3 

100 

6 

17.6 

thrown  to  the  sides  by  traffic  over  those  areas  where 
bleeding  and  picking  up  indicated  a  deficiency  of 
covering.  Chats,  which  were  waste  concentrates  from 
zinc  mines  and  were  mainly  dolomite  passing  a  %-inch 
and  retained  on  a  No.  10  sieve,  as  well  as  slag  and 
crushed  granite,  were  used  as  cover  materials  on  the 
location  shown  in  Table  1. 

During  the  fall  and  spring  following  construction 
all  of  the  sections  received  a  light  re-treatment  which 
served  as  a  seal.  The  bituminous  materials  were  of 
the  same  types  as  those  used  in  the  original  construction 
but  were  less  viscous.  Sand  was  used  as  the  cover 
material  on  all  sections  except  a  portion  of  section  10, 
on  which  crushed  slag  had  been  used  originally,  ancl 
two  short  lengths  of  section  11.  On  these  portions 
three-fourths  to  one-fourth  inch  crushed  granite  was 
used.  The  nature  and  extent  of  these  treatments  as 
well  as  those  applied  subsequently  to  the  various  sec- 
tions are  showTi  in  Figure  1. 

HISTORY  AND  SERVICE  BEHAVIOR  OF  THE  SECTIONS 

Section  7,  stations  0  +  00  to  82  +  50. — Construction: 
Prime  coat,  one-fourth  gallons  to  13  viscosity'*  tar. 
Second  application,  one-third  gallon  hot  tar.  Cover, 
45  pounds  ]i  to  1  inch  crushed  granite.  Seal  applica- 
tion: Bituminous  material,  one-fifth  gallon,  8  to  13 
viscosity  tar  on  stations  0  to  38,  one-fifth  gallon  18  to 
25  viscosity  tar  on  stations  38  to  82  +  50;  cover,  sand. 

Cost,  including  seal  coat,  21.39  cents  per  square  yard. 

The  3,800-foot  portion  of  this  section  through  Inman, 
because  of  its  excellent  condition  in  the  fall  following 
construction,  was  permitted  to  go  through  the  firsli 
winter  without  a  seal.  On  the  remaining  portion 
of  the  section,  however,  numerous  surface  breaks 
developed,  and  a  seal  was  applied  which  consisted  of 
one-fifth  gallon  of  an  18  to  25  viscosity  tar,  applied 

'  Unless  otherwise  noted  all  references  to  viscosity  are  e.\pressed  in  terms  of  specific 
viscosity  (Engler)  at  40°  C. 
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I'iGURE   1. — Cjiart  Showing  Nature  and  Extent  of  Treatments  Applied  to  Experimental  Sections 
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cold,  and  a  cover  of  sand.  The  area  thus  sealed  re- 
mained in  excellent  condition  during  the  winter  but  the 
portion  wliich  was  not  sealed  in  the  fall  required,  by 
March,  1926,  considerable  patching;  and  it  was  then 
sealed  with  one-fifth  gallon  of  an  8  to  13  viscosity  tar 
and  a  cover  of  sand.  The  only  re- treatment  which  this 
section  received  was  applied  in  June,  1928,  to  that  por- 
tion of  the  section  between  stations  49  +  25  and  64  +  50 
and  consisted  of  one-fifth  gallon  of  25  to  35  viscosity 
tar  and  20  pounds  of  chats  per  square  yard.  Fre- 
quent inspections  showed  the  section  to  have  remained 
in  excellent  condition  except  for  some  roughness  due 
partly  to  the  original  surface  roughness  of  the  base 
at  the  time  of  treatment  and  to  a  certain  extent  to  the 
shoving  resulting  from  the  crushing  of  the  fragile  gran- 
ite used.  The  section  at  the  close  of  the  experiment 
was  probably  the  roughest  of  the  group  but  a  light 
drag  or  mixed-in-place  re- treatment  would  have  reme- 
died this  condition  and,  judging  from  its  past  history, 
would  have  created  a  satisfactory  riding  surface  which 
could  have  been  economically  maintained  indefinitely. 
The  surface  condition  typical  of  the  section  is  illustrated 
n  Figure  2. 


Figure  2. — Detailed  View  of  the  Surface  of  Section  7 
Taken  in   March,    1931.     Surface  is  Uncracked  and 
Shows  Co.mplete  Freedom  from  Undue  Hardening  of 
[_t  THE  Bituminous  Material 

_  Section  S,  stations  430  +  00  to  512  +  00. — Construc- 
tion: Prime  coat,  one-fourth  gallon  cut-back  asphaltic 
oil.  Second  application,  one-third  gallon  150  to  200 
penetration  asphalt,  hot.  Cover,  45  pounds  ]{  to  1 
nch  crushed  granite.  Seal  application:  Bituminous 
material,  one-fifth  gallon  quick-drying  asphaltic  oil; 
cover,  sand. 

Cost,  including  seal  coat,  17.67  cents  per  square  yard. 


This  section  was  allowed  to  go  through  the  winter 
following  construction  without  a  seal  and  as  a  result 
a  large  number  of  small  patches  were  required  during 
the  winter  and  early  spring.  The  entire  section  was 
sealed  in  March,  1926,  with  one-fifth  gallon  of  quick- 
drying  oil  and  a  covering  of  sand.  The  only  mainte- 
nance re-treatment  required  after  that  time  was  that 
given  to  the  portion  between  stations  436  and  452  +  80. 
It  was  applied  in  June,  1928,  and  consisted  of  one-fifth 
gallon  of  cut-back  asphalt  and  20  pounds  of  chats  per 
square  yard.  In  1930  the  portion  of  the  section 
between  stations  464  +  50  and  512  +  00  was  treated 
experimentally  to  eliminate  slipperiness  in  wet  weather 
and  to  provide  a  nonskid  surface. 


Figure  3. — Failure  of  the  Heavy  Nonskid  Tri.  \iMi;\r 
ON  Section  8 

Seveial  methods  of  applying  the  treatment  were  tried 
out.  One  consisted  of  the  application  of  a  quick- 
breaking  emulsion,  spreading  the  cover  material  and 
rolling.  This  method  was  varied  by  apjDlying  a  tack 
coat,  then  spreading  and  smoothing  the  aggregate  and 
spreading  another  application  of  emulsion,  depending 
upon  the  second  application  to  penetrate  through  the 
cover  stone  to  the  tack  coat.  This  treatment  was 
generally  not  successful,  because  of  the  use  of  an  amount 
of  bituminous  material  insufficient  to  penetrate  the 
stone  cover.  The  result  was  that  the  surface  peeled  and 
raveled  as  shown  in  Figure  3.  By  another  method  the 
stone  was  spread,  the  emulsion  applied,  the  two  mixed, 
and  the  mixture  spread  and  rolled.  This  method  proved 
successful  where  sufficient  bituminous  material  was  used. 

While  a  nonskid  surface  texture  was  obtained  by 
each  method,  the  first  one  seemed  to  serve  the  purpose 
most  satisfactorily. 
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The  portion  of  the  section  between  stations  452  +  80 
and  41)4  +  50  remained  in  excellent  condition  and 
received  no  treatment  after  March,  192().  Its 
condition   in   April,    1930,    is   illustrahMJ    in    I'iuuro   4. 


Figure  4. — Portiom   of   Section  S    Xe\i;h    Hi- i  heated 
After  Construction,  Photographed  in  Aimul,  1930 

Except  for  the  failure  of  the  nonskid  treatment  men- 
tioned the  section  as  a  whole  remained  in  very  good 
condition.  Its  cost  was  somewhat  higher  than  that 
of  section  9,  primarily  because  of  the  necessity  of 
providing  the  nonskid  surface  in  1930.  The  annual 
maintenance  cost  indicates  that  the  section  could  have 
been  continued  in  service  at  a  reasonable  cost. 

Section  ,9,  stations  512  +  00  to  55^  +  00.— Construc- 
tion: Prime  coat,  one-fourth  gallon  cut-buck  as])haltic 
oil.  Second  application,  one-third  gallon  hot  tar. 
Cover:  45  pounds  )i  to  1  inch  crushed  granite  on  sta- 
tions 512  to  517;  45  pounds  Y^  to  1  inch  chats  on  stations 
517  to  533;  45  pounds  ){ to  1  inch  slag  on  stations  533  to 
536.  Seal  application:  Bituminous  material,  one-fifth 
gallon  8  to  13  viscosity  tar;  cover,  sand. 

Cost,  including  seal  coat,  24.43  cents  per  square  yard. 


Figure  5. — Detailed  View  of  Section  9,  Which  was 
Never  Re-treateu  after  Construction,  Photographed 
IN  April,  1930 

Section  9  also  was  permitted  to  go  through  the  (irst 
winter  without  a  seal  as  its  surface  was  smooth  and 
showed  no  defects.  The  ])ortion  on  which  chats  were 
used  resembled  a  Topeka  ])avement,  while  the  slag-cov- 
ered portion  had  a  rough  and  granular  texture.  The 
former  rerjuired  some  little  patching  during  the  winter 


but  its  condition  in  gen(>ral  was  miicii  l)etter  than  the 
latter. 

The  entire  section  was  given  a  seal  coat  in  March, 
1926,  consisting  of  one-fifth  gallon  of  8  to  13  viscosity 
tar  and  a  cover  of  sand.  After  that  date  the  section 
received  no  further  tr-eatments.  This  fact,  as  well  as 
the  low  maintenance  cost,  indicates  its  continued  excel- 


FiGURE  6. — General  View  of  Section  9,  Cover  Material 
ON  Area  Shown  i.s  Ch.\rts 

lent  behavior.  It  continued  in  the  best  condition  of 
any  of  the  sections,  the  chat-covered  portion  appearing 
somewhat  better  tlian  the  slag,  which  was  more  open. 
Figures  5  and  6  are  typical  illustrations  of  this  section. 

Section  10,  stations  536  +  00  to  022  +  50. — Construc- 
tion: Prime  coat,  one-fom-th  gallon  8  to  13  \dscosity  tar. 
Second  application,  one-third  gallon  hot  tar.  Cover: 
45  pounds  ]{  to  1  inch  slag  on  stations  536  to  553;  45 
pounds  Yi  to  1  inch  crushed  granite  on  stations  553  to 
622  +  50.  Seal  application:  Bituminous  material,  one- 
fifth  gallon  8  to  13  viscosity  tar  on  stations  536  to 
574  +  50,  one-hfth  gallon  18  to  25  viscosity  tar  on  sta- 
tions 574  +  50  to  622  +  50;  cover,  Ya  to  %  inch  crushed 
granite  on  stations  536  to  553,  sand  on  stations  553  to 
622  +  50. 

Cost,  including  seal,  22.84  cents  ])er  scpiare  yard. 

The  portion  of  this  section  between  stations  574 -I  50 
and  622  +  50  was  sealed  in  the  fall  after  construction 
with  an  18.0  viscosity  tar  and  covered  with  sand.  The 
remainder  of  the  section  was  not  sealed  until  the  follow- 
ing s])ring  as  it  was  desired  to  retain  the  rough  gi'anular 
texture  through  the  winter  and  also  to  obtain  informa- 
tion as  to  the  necessity  for  early  sealing.  During  the 
winter  many  i)reaks  occurred  in  the  unsealed  surface 
and  these  were  repaired  ])rior  to  api)lying  the  treatment 
in  March,  1926.  The  treatment  of  this  portion  con- 
sisted of  one-fifth  gallon  of  8  to  13  viscosity  tar. 
Crushed  granite  %  to  %  inch  in  size  was  used  as  the  cover 
material  on  the  portion  between  stations  536  I  00  and 
553  +  00,  originally  covered  with  Yi  to  1  inch  hard  slag, 
while  on  the  i)ortion  between  stations  553  +  00  and 
574  +  50,  originally  covered  with  crushed  granite,  sand 
was  used. 

After  March,  1926,  only  one  re-treatment  was  given 
and  that  was  applied  in  June,  1928,  to  the  portion  of 
the  section  between  stations  5)57 +  59  and  582  +  14, 
i.  e.,  approximately  the  same  portion  as  was  sealed 
in  March,  1926.  The  treatment  consisted  of  an  appli- 
cation of  0.18  gallon  of  25  to  35  viscosity  tar  and  a 
cover  of  20  pounds  of  chats  per  s(|uare  yard.  The  re- 
mainder of  the  section  was  not  treated  after  the 
fall  followin<r  its  construction. 
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The  section  in  general  remained  in  excellent  con- 
dition. The  portion  which  was  re- treated  in  1928  had 
developed  some  cracks  and  showed  indications  of 
brittleness  in  the  area  where  slag  cover  had  originally 
been  used.  This  may  have  been  due  to  the  fact  that 
no  allowance  was  made  for  the  absorptive  property 
of  the  slag  and  as  a  result  the  amount  of  secondJap])li- 
cation  material  used  developed  a  mat  that  was  leaner 


Figure  7. — Typical  Condition  of  the  Portion   of  Sec- 
tion 10  Which  was  Never  Re-treated 

than  it  should  have  been.  Had  the  project  been 
continued  it  is  believed  that  a  light  re-treatment 
would  have  been  desirable  on  this  area.  The  portion 
never  re-treated  showed  no  need  of  immediate  re- 
treatment.  Figure  7  is  a  typical  view  showing  its 
excellent  condition. 

_  Section  11,  statiom  *  622  +  50  to  791 +25.— Construc- 
tion: Prime  coat,  one-fourth  gallon  8  to  13  viscosity 
tar.  Second  application,  one-third  gallon  150  to  200 
penetration  asphalt,  hot.  Cover,  45  pounds  one- 
fourth  to  1  inch  granite.  Seal  application:  Bitumi- 
nous material,  one-fifth  gallon  slow-drying  asphaltic 
oil;  cover,  sand  on  stations  622  +  50  to  720,  735  to 
750,  and  780  to  791+25,  K  to  %  inch  crushed  granite 
on  stations  720  to  735  and  750  to  780. 

Cost,  including  seal,  18.04  cents  per  scjuare  yard. 

The  north  portion  of  the  section  from  about  station 
720  to  the  end  of  the  project  at  station  791  +  25, 
which  lay  on  a  steep  grade,  was  covered  with  a  2-inch 
course  of  fine  crushed  granite  prior  to  the  surface 
treatment.  It  was  expected  that  this  material  would 
stabilize  the  topsoil  for  later  surface  treatment  and 
at  the  same  time  provide  a  more  nonskid  surface  in 
wet  weather.  However,  at  the  time  of  treatment,  the 
primed  surface  was  not  well  bonded,  as  indicated  by 
the  fact  that  it  scaled  and  raveled  under  traffic.  The 
prime  was  inadequate  both  as  to  the  amount  used 
and  the  method  of  application  to  overcome  this  con- 
dition and  as  a  result  consideral)le  failure  develo])ed 
in  the  bituminous  mat  shortly  after  construction, 
necessitating  a  large  amount  of  patching  and  numerous 
partial  re-treatments. 

The  remainder  of  the  section  had  a  well-bonded 
topsoil  surface  comparable  with  that  of  the  other 
sections  and  it  remained  in  good  condition,  recjuiring 
no  such  extensive  maintenance  and  re-treatments  as 
did  the  north  portion. 


+ 


<  station  equation,  72H-00=722-1-00. 


l''iiirino  .S.  \  ii;\\  i/F  riiK  ."^oirii  End  oi-' Ski'tk  in  11^  Simw- 
iNG  THE  Excellent  Condition  of  the  Portion  Never 
Re-treated 

In  the  November  following  construction  the  entire 
section  was  given  a  seal  consisting  of  an  application  of 
one-fifth  gallon  of  slow-drying  asphaltic  oil.  vSand  was 
used  as  cover  material  except  for  two  short  sections 
on  which  }4  to  %  inch  granite  was  used.  In  June,  1928, 
re-treatments  were  applied  to  three  short  sections  as 
follows :  Stations  645  +  64  to  649  +  11,  744  + 71  to  751  + 
05,  and  776  +  75  to  791  +  25.  The  bituminous  materials 
used  were  a  150  to  180  penetration  asphalt  cut-back 
and  an  asphaltic  oil  and  were  applied  at  the  rate  of 
one-fifth  gallon  per  scpuire  yard.  The  cover  material 
was  chats  spread  at  the  rate  of  20  pounds  per  square 
yard.  In  January,  1929,  the  area  between  stations 
719  +  50  and  777  +  25  was  re-treated  using  a  quarter 
of  a  gallon  of  85  to  100  penetration  asphalt  cut-back 
and  20  to  22  pounds  of  limestone  chats.  After  this 
application  all  portions  of  the  section  were  given  one 
or  two  re-treatments,  with  the  exception  of  the  area 


Figure  9. — Typical  Appearance   of  Section   11  After 
Application  of  the  Nonskid  Treatment 

between  stations  622  +  50  and  631  +  25,  which  has  never 
been  re- treated.  The  re-treatments  were  applied 
primarily  to  develop  a  nonskid  surface  as  the  earlier 
seal  treatment  with  road  oil  and  sand  cover  had  pro- 
duced a  surface  that  was  very  slippery  in  wet  weather. 
An  asphalt  emulsion  and  %-inch  stone  were  applied 
by  methods  similar  to  those  employed  on  section  8. 
These  treatments  were  applied  in  July  and  December, 
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1930.  The  July  treatment,  except  for  the  area  bctAvccn 
stations  687  +  25  and  698  4-00,  upon  whicli  mixod-in- 
place  seal  coat  was  appUed,  was  of  the  hjjht  seal  type 
consisting  of  0.18  (jalion  of  emulsion  and  15  ])ounds  of 
/8-inch  stone.  The  mixed-in-phice  seal  was  composed 
of  0.35  gallon  of  enudsion  and  30  pounds  of  stone  passing 
the  %-inch  and  retained  on  the  No.  10  sieve.  Between 
stations  727  +  75  to  733  +  75  and  785  +  00  to  791+25 
the  surface  was  given  an  additional  treatment  in  Decem- 
ber of  the  same  year.  In  this  treatment  0.28  gallon  of 
emulsion  and  15  to  20  pounds  of  %-inch  chats  were  used. 
These  treatments  in  genei-al  proved  satisfactory,  and 
the  mixed-in-place  seal  ])roduced  considerable  improve- 
ment in  the  surface  smoothness. 


Figure  10. — General  View  of  North  End  of  Project, 
Which  was  Located  in  Fairly  Rough  Country 

The  section  as  a  whole  was  in  better  condition  in 
July,  1931,  than  at  any  previous  inspection.  The 
portion  wliich  was  never  re-treated  remained  in  excellent 
condition  as  illustrated  in  Figure  8.  Figures  9  and  10 
show  other  views  of  the  section. 

DISCUSSION 

These  experiments  illustrate  rather  strikingly  the 
fact  that  under  average  conditions  surface  treatments 
can  be  applied  at  moderate  cost  which  will  give  excellent 
service  over  a  period  of  years.  They  also  offer  an  inter- 
esting comparison  of  methods  of  treatment  in  vogue  six 
years  ago  with  those  of  the  present  time.  Altliough 
traffic  had  increased  over  50  per  cent  during  the  period 
of  the  experiment  its  effect  was  not  reflected  in  the  cost 
of  maintenance,  which  continued  very  uniform,  as 
shown  by  the  accumidated  cost  curves  in  Figure  11. 
At  the  termination  of  the  project  the  sections  were  all 
in  good  condition  and  gave  evidence  that  their  recoi'd 
of  excellent  service  would  have  continued. 

The  subgrade  and  topsoil  on  the  ju'oject  were,  in 
general,  well  suited  to  surface  treatment  as  shown  by 
their  analyses,  given  in  Table  2.  One  of  the  subgrades, 
sample  No.  1552,  section  10,  was  of  the  friable  A-2 
variety.  No.  1557,  from  section  11,  was  of  the  plastic 
A-2  variety.  The  rejnaining  two  would  be  classed  as 
the  better  variety  of  the  A-7  group  because  of  theii- 
higher  liquid  limits  and  lower  sand  contents.  They 
are  so  close  to  the  line  separating  the  A-2  from  the  A-7 
group  that  they  also  would  be  considered  satisfactory 
subgrade  materials  under  the  favorable  moisture  condi- 
tions existing  on  this  ])roject.  The  topsoil  surfacing,  which 
averaged  about  5  inches  in  depth,  had  the  characteristics 
of  the  friable  varieties  of  the  A-2  group,  material 
which  provides  an  excellent  base  for  surface  treatment. 


At  the  time  the  surlacc  (rcatiiiciils  were  applied  it  w  as 
believed  that  a  thorouglily  l)()ndcd  bas(!  was  necessary 
and  it  was  thought  that  the  ideal  base  would  be  one 
which,  untreate(l,  would  remain  stable  and  would  not 
ravel  under  traffic.  This  idea  indirectly  im])lied  the 
use  of  a  natural  binder,  such  as  clay,  to  maintain  the 
bond,  the  amount  varying  with  the  characteristics  of 
the  binder  and  with  the  moisture  conditions  encoun- 
tered. 

It  is  known  that  ca])illary  moisture  stabilizes  the 
cohesionless  sands  and  other  granular  nuiterials  required 
for  satisfactory  road  sm'facing  and  bases  for  surface 
treatment.  In  the  untreated  road  the  surface  jjortion 
is  deficient  in  moisture  because  of  (evaporation,  with  tlie 
result  that  a  clay  binder  is  required  to  l)ind  or  cement 
the  particles  of  granular  inaterial  into  a  stable  and 
wear-resisting  surface.  In  the  surface-treated  road 
evaporation  is  largely  prevented  and  the  moisture 
content  of  the  soil  is  increased  by  ca]ullary  action,  with 
the  result  that  the  bond  is  sufficient  to  furnish  the 
required  stability  not  only  in  the  top  portion  but 
throughout  the  depth  of  the  base.  Thus  the  need  for 
clay  binder  is  largely  eliminated. 

This  does  not  mean  that  bond  is  not  rccpiired  in  a 
l)ase  to  be  surface  treated.  As  a  matter  of  fact  bond  is 
required  for  stal)ility  in  all  types  of  soil  roads  whether 
they  serve  as  bases  or  as  surfaces.  Thus  the  necessity 
for  having  a  bonded  svu-face  upon  which  to  appl}'  the 
treatment  is  still  recognized,  but  ideas  liave  changed 
as  to  the  method  of  obtaining  tliis  condition. 

The  binding  properties  of  clay  reach  a  maximum 
value  at  a  certain  moisture  content  and  decrease  with 
further  increase  in  moisture.  Consequently,  the  in- 
crease in  moisture  content  due  to  surface  treatjuent 
may  not  only  reduce  the  binding  ])roperty  of  the  clay 
but  may  soften  it  to  such  an  extent  as  to  cause  loss  of 
stability  in  the  base  resulting  in  faihu'c  of  the  surface 
treatment.  For  this  reason  the  (luantity  of  clay 
recjuired  for  an  untreated  clay-bound  road,  is  often 
excessive  when  the  road  is  to  seive  as  a  base  for  t)itu- 
minous  surface  treatment. 
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Figure  11. — Accumulated  Costs  of  Schface  Treatment.s 
and  Maintenance 

The  early  unsatisfactory  behavior  of  the  north  por- 
tion of  section  11  could  have  been  avoided  by  a  more 
suitable  priming  treatment  of  the  loosely  bound  top 
coui'se.  A  greater  amount  of  priming  material  witli 
light  surface  mixing  would  have  stabilized  the  base 
course  to  a  greater  depth  than  the  light  ai)]dication  of 
prime   used    and    would   have   largely  eliminated    the 
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failures  resulting  from  the  displacement  of  the  base 
materials. 

The  bituminous  materials  used  in  the  original  con- 
struction, analyses  of  which  are  given  in  Tables  3 
and  4,  were,  with  two  exceptions,  of  the  same  types 
that  are  used  to-day  for  similar  work.  The  two  excep- 
tions are  the  quicJc-drying  asphaltic  material  used  as  a 
prime  and  the  slow-drying  material  used  in  the  seal 
treatment. 

The  as])haltic  primer  was  a  combination  of  a  heavy 
asphaltic  base  and  a  highly  volatile  distillate  and  had 
a  specific  viscosity  at  40°  C.  of  117  which  was  approxi- 
mately ten  times  that  of  the  tar  prime.  Because  of  its 
high  original  viscosity,  which  was  proportionately 
increased  by  the  loss  of  distillate  upon  application, 
there  was  little  penetration,  and  the  heavy  material 
remained  on  the  surface  as  a  mat.  Had  the  prime 
been  made  up  with  a  less  volatile  distillate  and  reduced 
to  the  consistency  satisfactory  for  priming  jiurposes, 
much  better  penetration  would  undoubtedly  have 
resulted,  without  the  deposition  of  heavy  material  on 
the  surface. 

The  8  to  13  viscosity  tar  used  is  still  considered  highly 
satisfactory  as  a  priming  material.  Asphaltic  primers 
also  are  used  and  the  type  favored  is  a  material  of  low 
viscosity  composed  of  a  base  and  distillate  such  as  to 
insure  penetration  and  the  development  of  a  residue 
after  penetration  which  will  harden  and  develop  some 
cementing  value.  The  residue  is  not  required,  how- 
ever, to  serve  as  a  binder  to  hold  a  cover  of  gravel  or 
stone  chips. 

The  other  material  which  did  not  prove  satisfactory 
was  the  slow-drying  asphaltic  oil  used  in  the  seal  treat- 
ment on  section  11.  This  material,  according  to  its 
analysis,  showed  a  low  loss  at  163°  C.  and  an  apparently 
soft  residue.  In  combination  with  the  sand  cover  it 
developed  a  surface  that  was  slippery  in  wet  weather. 
Because  of  this  tendency  its  use  has  been  largely 
discontinued  as  a  seal  material  in  favor  of  tars  or  (luiclc 
drying  asphalts. 

There  has  been  a  tendency  in  recent  years  to  use 
for  re-treatment  cold  surface  treatment  material  of 
viscosity  higher  than  that  of  those  formerly  used. 
The  greater  viscosity  produces  stiffening  qualities 
more  nearly  approaching  those  of  materials  a])plied 
hot,  while  at  the  same  time  permitting  more  manipula- 
tion during  construction  for  the  purpose  of  im])i'oving 
the  liding  qualities  of  the  surface. 

Cold  application  materials,  compared  with  those  ap- 
plied hot,  seem  to  insure  in  greater  degree  and  for  a 
longer  period  of  time  the  maintenance  of  a  nonskid  sur- 
face. In  this  respect,  however,  it  must  be  noted  that 
the  tar-treated  sections  in  this  experiment  retained  an 
excellent  nonskid  surface  throughout  the  entire  period, 
and  did  not  require  any  treatment  on  this  account. 

To  study  the  physical  changes  which  might  have  oc- 
curred in  the  bituminous  materials  after  six  years  of 
exposure  to  traffic  and  atmospheric  conditions,  samples 
of  the  surface  mat  above  the  primed  base  were  taken 
from  areas  of  sections  10  and  1 1  which  had  received  no 
treatment  subsequent  to  the  seal  following  construction. 
A  summary  of  the  materials  originally  composing  the 
samples  and  their  analyses  are  given  in  Table  .5. 

With  reference  to  the  sample  taken  from  section  10 
which  contained  only  tar,  the  percentage  of  bitumen 
extracted  does  not  indicate  the  amount  of  the  bitumi- 
nous material  contained  in  the  sample,  as  the  free  carbon 
remained  with  the  aggregate  iipon  extraction.  The 
original  analyses  of  the  tars  used  for  the  second  appli- 


Table  5. — Analyses  of  surface  mats  after  six  years'  service 


Section  No.__ 

Location  sampled  (station) 
Original  construction; 

Prime 

Second  application 

Cover 

Seal  application- 
Bituminous  mate 

rial. 
Cover-- - 

Thickness  of  surface  mat... 
Laboratory  numVjer  of  sam- 
ple. 


600- 


U  gallon  8-13 
viscosity  tar. 

H  gallon  hot 
tar. 

H-1  inch  stone, 
45  pounds. 

H  gallon  18-25 
viscosity  tar. 

Sand 

H  inch 

34370 


Center  of  road— 

H    gallon    8-13 

viscosity  tar. 
!4  gallon  1.50-200 

penetration 

asphalt. 
U-1  inch  stone, 

45  pounds. 

'A  gallon  slow- 
drying  oil. 

Sand 

H inch 

34371 


625. 

H     gallon     8-13 

viscosity  tar. 
!4  gallon  150-200 

penetration 

asphalt. 
J-i-l  inch  stone, 

45  pounds. 

}4    gallon    slow- 
drying  oil. 
Sand. 
?i  inch. 
34372. 


AN.\LYSIS 


Section  No 

10 

11 

11 

Bitumen  extracted -  - 

Per 

cent 
4.5 
8.5 
16.9 
17.8 
9.9 
4.9 
7.1 
5.9 
8.0 
2.8 
5.3 
8.4 

Per 
cent 
5.9 
10.5 
.30.2 
10.4 
5.3 
4.3 
5.3 
4.5 
7.0 
2.9 
5.3 
8.4 

Per 

cent 
8  4 

Passing  ^i  inch,  retained  li  inch.. - 

3  5 

Passing  '/->  inch,  retained  Vi  inch 

26  4 

Passing  H  inch,  retained  No.  10  sieve  - 

11  4 

Passing  No.  10  sieve,  retained  No.  20  sieve 

Passing  No,  20  sieve,  retained  No.  30  sieve- 

7.0 

4  4 

Passing  No.  30  sieve,  retained  No.  40  sieve 

6  4 

Passing  No.  40  sieve,  retained  No  50  sieve 

5  4 

Passing  No.  50  sieve,  retained  No.  SO  sieve  - 

8  2 

Passing  No.  80  sieve,  retained  No.  100  sieve 

3  2 

Passing  No.  100  sieve,  retained  No.  200  sieve 

5  8 

Passing  No.  200  sieve - 

9  9 

100.0 

100.0 

100.0 

Consistency  of  extracted  bitumen: 

Float  test  at  32°  0 seconds-. 

255 
50 

Float  test  at  50°  C - do.. 

Penetration  at  25°  C .  .  ._  _ 

76 
55.2 

72 

Softening  point .--  --  ...°C  . 

55 

cation  and  seal  coat  show  them  to  have  had  an  average 
solubility  in  carbon  disulphide  of  only  about  85  per 
cent.  Disregarding  the  increase  in  carbon  content  due 
to  the  loss  of  volatile  matter  and  to  weathering  during 
the  period  of  exposure,  which  would  further  decrease 
the  percentage  soluble  in  carbon  tUsulphide,  the  actual 
amount  of  bituminous  material  present  would  be  some- 
what above  5.3  per  cent,  which  agrees  reasonably  well 
with  that  contained  in  sample  34371  taken  from  section 
11. 

Sample  34372  was  taken  from  an  area  on  section  11 
on  which  successive  applications  of  bituminous  mate- 
rial overlapped.  In  spite  of  its  high  bitumen  content 
the  area  represented  was  in  excellent  condition  and 
showed  no  evidence  of  rutting  or  shoving. 

The  tar  extracted  was  composed  of  appro.ximately 
five  parts  of  a  tar  having  an  original  float  of  182 
seconds  at  32°  C.  and  three  parts  of  one  having  an 
original  specific  viscosity  of  18.9  at  40°  C.  The  result- 
ant material  after  six  vears  of  service  had,  as  noted,  a 
float  of  255  and  50  seconds  at  32°  C.  and  50°  C, 
respectively.  Its  final  consistency  therefore  approx- 
imates that  of  a  tar  intermediate  between  materials 
suitable  for  hot  surface  treatment  and  bituminous 
macadam  and  would  not  indicate  a  tendency  to  harden 
unduly  and  become  brittle  although  this  tendency  has 
been  an  assumed  characteristic  for  this  type  of  material. 
Apparently  pronounced  hardening  is  limited  largely  to 
the  exposed  surface  and  does  not  seem  to  affect  greatly 
the  major  ])ortion  of  the  bituminous  material  in  the  mat 
even  though  the  total  thickness  of  the  latter  is  relatively 
small. 

The  asphaltic  material  extracted  was  composed  of 
approximately  hve  parts  of  an  asphalt  cement  having 

(Continued  on  p.  184) 


EFFECT  OF  SIZE  OF  SPECIMEN,  SIZE  OF  AGGREGATE 

AND  METHOD  OF  LOADING  UPON  THE  UNIFORMITY 

OF  FLEXURAL  STRENGTH  TESTS 

Reported  by  W.  F.  KELLERMANN,  Associate  Materials  Engineer,  United  States  Bureau  of  Public  Roads 


ALTHOUGH  tlio  com- 
/\  piTssion  test  has  long 
1.  \.  1)0011  usod  a^■  a  nioas- 
Tiro  of  tho  strongth  of  Port- 
land cement  concrete  and 
the  procodiire  for  making 
tho  test  has  been  standar- 
dized, the  results  do  not  in 
all  cases  supply  data  for  the 
coi'rect  design  of  a  concrete 
pavement  slab.  Concicte 
for  this  purpose  is  usually 
investigated  to  determine 
its  resistance  to  bending 
stresses  and  to  do  this  it  is 
necessary  to  test  the  concrete 
in  flexure.  While  this  test 
has  been  used  regularly  by 
a  number  of  the  State  high- 
wa,y  epartments  for  several 
years  it  is  only  quite  recently 
that  there  has  been  any 
standardized  procedure  for 
making  it.  As  a  result,  it 
has  been  very  difficult  to 
correlate  the  large  amount 
of  test  data  which  have 
been  obtained  by  the  States. 
The  problem  has  been  fur- 
ther complicated  b_v  the  fact 
that,  for  purposes  of  con- 
trol testing,  it  has  become 
customary  to  make  flexure 
tests  directly  on  the  job 
rat  her  than  in  the  laboratory. 
This  has  resulted  in  the  de- 
velopment of  a  nundjer  of 
different  field  testing  ma- 
chines which  dift'er  consider- 
abh'  in  design  and,  conse- 
quently, give  different  re- 
sults. A  report  showing  the 
extent  to  wliich  variation  in  the  type  of  testing  machine 
Biay  affect  the  results  of  flexure  tests  was  published  in 
Public  Roads,  volume  12,  No.  12,  February,  1932. 

Variations  in  flexural  strength  may  be  due  to  many 
causes,  ranging  froin  difl'erences  in  the  quality  of  the 
concrete  itself  to  diftVrences  in  the  procedure  followed 
in  making  and  testing  the  specimens  and  in  computing 
the  results.  Variations  due  to  methods  of  conducting 
the  test  may  be  caused  by  variations  in  any  one  or 
more  of  the  following:  (1)  Method  of  loading;  (2)  rate 
of  application  of  load;  (3)  cross-sectional  dimension  of 
specimen;  (4)  length  of  span;  (5)  method  of  computing 
bending  moment. 

Recently  the  committee  on  materials  of  the  American 
Association  of  State  Highway  Officials,  realizing  the 
need  for  a  standardized  procedure,  sponsored  a  series  of 
cooperative  tests  to  determine  the  variation  in  strength 
wliich  different  lalioratoi-ies  would  obtain  between  their 
Jaboratorv  and  field  methods  of  testing.     The  results 


SUMMARY   OF   CONCLUSIONS   AND    RECOMMENDATIONS 

A.  Relative  flexural  sirouith. — 1.  The  flexural  strength 
of  the  specinien.s  wa.s  iiiiliieiiced  by  the  method  of  load- 
ing and  coni|)nting  tho  results.  The  three  methods 
which  were  investigated  gave  values  of  modulus  of 
rupture  in  the  following  descending  order  of  magnitude: 

(a)  Center  loading,  bending  moment  com])uted  at 
center  of  span; 

(h)  Center  loading,  bending  moment  computed  at 
l)lane  of  fracture; 

(c)   Third-point  loading. 

2.  The  flexural  strength  of  the  concrete  increased  as 
the  maximum  size  of  the  coarse  aggregate  became 
smaller. 

3.  With  a  constant  ratio  of  span  length  to  depth, 
higher  flexural  strengths  were  obtained  on  specimens 
having  the  smaller  cross  section. 

4.  With  a  constant  cross  section,  higher  flexural 
strengths  were  obtained  on  specimens  having  the 
shorter  span. 

B.  Uniformity. — 1.  The  uniformity  of  flexure  test 
results  was  affected  by  the  method  of  loading  the 
specimen  and  by  the  method  of  computing  the  bending 
moment.  The  three  methods  used  in  these  tests  are 
given  below  in  order  of  decreasing  uniformity. 

(a)  Third-point  loading; 

(b)  Center  loading,  bending  moment  computed  at 
center  of  span; 

(c)  Center  loading,  bending  moment  computed  at 
plane  of  fracture. 

2.  The  uniformity  of  flexure  test  results  was  affected 
by  the  maximum  size  of  the  coarse  aggregate  emplo^'ed, 
smaller  aggregates  producing  somewhat  more  uniform 
results. 

3.  With  a  given  ratio  of  span  length  to  depth  the 
specimens  having  the  smaller  cross  section  gave  the 
more  consistent  results. 

4.  In  tests  of  specimens  of  constant  cross  section 
tested  on  18  and  27  inch  spans,  the  shorter  span  pro- 
duced the  more  uniform  results  in  the  case  of  the  third- 
point  loading  and  the  center  loading,  with  moment 
computed  at  center.  In  tho.case  of  the  center  loading 
with  moment  computed  at  plane  of  fracture,  the  reverse 
is  generally  true. 

C.  Rcco?n7ueJtdations. — It  is  recommended  that  the 
third-point  method  of  loading  and  a  cross  section  of 
6  by  6  inches  be  standardized  for  laboratory  work.  In 
regard  to  span  length  no  recommendation  is  made. 


of  thes(>  cooporalive  tests 
indicated  clearly  that  it 
would  be  necessar}^  to  stand- 
ardize the  laboratory  meth- 
od before  jirogi'css  could  be 
made  with  field  standardiza- 
tion. A  second  series  of  co- 
operative tests  were  there- 
fore conducted,  the  results 
of  which  wore  pul)lished  in 
PiBLic  Roads,  volume  12, 
No.  2,  April,  1931.  In  this 
sei'ies  all  specimens  were 
made  and  tested  as  simple 
beams  in  the  laboratory,  the 
load  being  applied  at  the 
third  i)oints  by  means  of 
special  apparatus  designed 
for  the  purpose. 

The  need  for  a  standard 
method  of  making  and  test- 
ing concrete  beam  sj)ecimens 
has  been  recognized  by  Com- 
mittee C-9  of  the  American 
vSocietj'  for  Testing  Mate- 
inals,  and  as  a  result  a  ten- 
tative standard  for  this  test 
waspubhshedin  1930  (A.S.T. 
M.  designation  C  78-30  T). 
This  method  proposes  that 
the  specimens  be  tested  as 
simple  beams  with  the  load 
applied  at  the  center  of  the 
span  and  may,  therofoi-e,  give 
(|uite  different  results  from 
the  so-called  third-i)oint 
loading  used  by  the  American 
Associa  tion  of  State  Highway 
Officials. 

The  tests  herein  re])orted 
were  undertaken  for  the  pur- 
pose of  determining  what 
effect  this  variation  in  method,  as  well  as  certain 
other  variables,  would  have  upon  the  results  of  flexure 
tests.  The  following  variables  were  investigated:  (a) 
Method  of  loading;  (6)  Size  of  specimen;  (c)  Span 
length;   (d)  Maximum  size  of  coarse  aggregate. 

While  the  jn-imar}^  pur])Ose  of  this  investigation  was 
to  study  the  uniformity  of  the  results,  information  was 
obtained  showing  how  the  above-mentioned  variables 
affected  the  results  quantitatively. 

MATERIALS  AND  PROPORTIONS 

Fine  aggregate  used  in  these  tests  was  a  bank-run 
sand  having  the  physical  properties  shown  in  Tal)le  1. 
This  table  also  gives  the  results  of  the  physical  tests  on 
the  cement.  The  coarse  aggregate  was  a  limestone, 
wliich  tends  to  produce  concrete  of  relatively  high 
flexural  strength.  It  was  screened  into  separate 
sizes  and  rocoml)ined  into  four  definite  gradings,  as 
follows : 
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Percentage  passing  (square  openings) 


Grading 

M-ineh 

M-inch 

iM-inch 

2-inch 

2H-inch 

A 
B 
C 
D 

0 
0 
0 
0 

20 

30 

40 

100 

45 

00 

100 

80 
100 

100 

It  \\ill  be  observed  from  these  grading  combinations 
that  there  is  a  rather  wide  range  in  maximum  size  with 
a  corresponding  change  in  the  void  content  of  the 
material  in  a  dry-rodded  condition.  Table  2  gives  the 
results  of  physical  tests  on  the  coarse  aggregate. 

In  designing  the  proportions  for  the  various  grading 
combinations  the  cement  factor  and  consistency  were 
held  practically  constant  and  the  percentage  of  sand  in 
the  mix  varied  in  order  to  compensate  for  a  change  in 
void  content  in  the  coarse  aggregate.  Data  pertaining 
to  the  proportions  and  consistency  will  be  found  in 
Table  3. 

FABRICATION  AND  STORAGE 

All  concrete  was  mixed  in  pans  with  shovels,  one 
batch  being  of  sufficient  size  to  make  one  specimen. 
Three  sizes  of  beam  specimens  were  made — 6  by  6  by 
21  inches,  6  by  6  by  30  inches,  and  8  by  8  by  27  inches. 
The  6  by  6  inch  beams  were  molded  in  two  layers,  each 
layer  rodded  with  a  /g-inch  rod,  and  spaded  on  the 
sides  and  ends.  After  the  top  layer  had  been  poured 
the  concrete  was  struck  oft"  and  finished  with  a  cork 
float.  The  8  by  8  inch  beams  were  molded  in  three 
layers.  Each  layer  was  rodded  sixty  times  per  square 
foot  of  area  for  all  specimens.  This  required  rodding 
the  6  by  6  by  21  inch  beams  fifty-four  times  per  layer, 
the  6  by  6  by  30  inch  beams  seventy-five  times  per 
layer  and  the  8  by  8  by  27  inch  beams  ninety  times  per 
layer. 

All  specimens  were  covered  with  wet  burlap  immedi- 
ately after  fabrication  and  kept  covered  for  approxi- 
mately 24  hours,  at  wliieh  time  they  Avere  removed 
from  the  molds  and  placed  in  a  moist  room  for  27  days 
storage  prior  to  test. 

The  procedure  followed  was  to  make  24  beams  each 
working  day.  This  constituted  one  round  of  tests  and 
furnished  one  specimen  for  each  combination  of  grading 
of  aggregate,  size  of  specimen,  and  method  of  test. 

At  the  28-day  period,  the  specimens  were  tested  in  a 
100,000-pound  l^niversal  testing  machine  as  simple 
beams,  the  load  being  applied  by  a  handwheel  at  a 
speed  wliich  would  produce  a  stress  of  150  pounds  per 
square  inch  per  minute  in  the  extreme  fibers  (A.  S.  T.  M. 
tentative  standard) . 

Half  of  the  beams  were  tested  with  the  load  applied 
at  tlie  third  points  and  half  with  the  load  applied  at 
the  center  of  the  span.  Figure  1  shows  the  method  of 
applying  the  load  to  the  specimen  while  Figures  2  and 
3  are  photographs  of  a  specimen  set  up  in  the  testing 
machine.  In  computing  the  modulus  of  rupture  in  the 
case  of  specimens  loaded  at  mid  span,  the  bending 
moment  was  computed  at  the  plane  of  fracture  and 
also  under  the  load  at  the  center  of  the  span.  Two 
sets  of  results  for  modulus  of  rupture  were  therefore 
obtained  on  all  specimens  loaded  at  mid  span.  In 
addition  to  the  variables  in  testing  previously  mentioned 
one  set  of  6  by  6  by  30  inch  beams  using  %-inch  aggre- 
gate was  tested  with  the  side  instead  of  the  bottom 
in  tension  as  was  the  case  with  all  other  specimens. 


Table  1. — Physical  properties  of  cement  and  fine  aggregate 


CEMENT 


7.8 


Fineness,  percentage  retained  on  200-mesh  sieve 

Time  of  set  (Gill more) : 

Initial 2  h. 

Final '...  4  h. 

Steam  test  for  soundness 

Normal  consistency,  per  cent 24.  2 

Tensile  strength  (1:  3  Ottawa  sand  mortar): 

7  days pounds  per  square  inch . .       380 

28  days do 420 


52  m. 
40  m. 

(') 


FINE  AGGREGATE 
Sieve  analysis: 

Total  retained  on  No.  4  sieve per  cent- 
Total  retained  on  No.  8  sieve do 

Total  retained  on  No.  16  sieve do 

Total  retained  on  No.  30  sieve do 

Total  retained  on  No.  50  sieve do 

Total  retained  on  No.  100  sieve do 


Silt  and  clay . per  cent-. 


2.8 


Apparent  specific  gravity 2.  66 

Weight  in  pounds  per  cubic  foo  t  (dry-rodded) 102 

Organic  matter  (color  test) (') 

Strength  ratio: 

7  days 132 

28days 113 

Description:   Sand  consists  essentially   of  angular  grains  of 
quartz,  chert,  gneiss,  and  sandstone. 

'  Satisfactory. 

T.\BLE  2. — Physical  properties  of  coarse  aggregate 

Specific  gravity - 2.72 

Absorption - — -- per  cent..      .  12 

Wear - do....    '.44 


Grading 

Weight 
per  cubic 
foot,  dry- 
rodded 

Voids 

A - 

Pounds 
103 
102 
101 
98 

Per  cent 
39.1 

B                                              - 

39.7 

C      

40.3. 

D.. - 

42 

'  Not  standard  test;  made  with  crushed  rock. 

Table  3.  — Proportions  and  consistency  of  concrete 


Grading 

Maxi- 
mum 
size 
aggre- 
gate 

Proportions 
by  dry- 
rodded 
volumes 

W/C" 

Cement 
factor 

Mortar 
voids 
ratio 

bibo 

A                      --.  - 

Inches 
2,^ 
2 

m 

1:2.0:3.30 
1:2.03:2.27 
1:2.09:3.21 
1:2.21:3.05 

0.75 
.76 

!84 

Bags  per 
cubic  yard 
6.01 
6.03 
6.04 
6.04 

Per  cent 
192 
193 
198 
211 

0.735 

B         

.730 

C 

.718 

D 

.682: 

1  WIC  corrected  for  absorption.    Consistency  approximately  2.'4-inch  slump. 
ANALYSIS  OF  DATA 

Detailed  results  of  the  strength  tests,  giving  values 
for  the  individual  specimens,  were  prepared  in  mimeo- 
graph form,  but  are  not  included  in  the  report  because 
of  lack  of  space.  They  give  the  individual  strength 
values  for  all  20  rounds  of  tests  and  the  percentage 
variation  of  each  value  from  the  average.  The  average 
strengths  and  the  average  variations  are  also  shown. 
While  some  values  reported  show  a  rather  wide  varia- 
tion from  the  average  for  the  group,  they  were  not 
excluded  because  of  the  fact  that  it  was  the  primary 
object  of  these  tests  to  determine  the  extent  of  just 
such  variations. 
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third  point   loading 

Figure  1. — Apparatus  for  Testing  Specimens 
IN  100,000-Pound  Testing  Machine 

Persons  desiring  to  make  a  study  of  these  detailed 
tables  may  obtain  them  upon  request  addressed  to  the 
bureau. 

The  average  strengths  and  average  deviations  are  also 
given  in  summary  form  in  Table  4,  and,  for  purposes  of 
study,  are  shown  in  graphic  form  in  Figures  4,  5,  and  6. 


Figure  2. — Specimen  Set  Up  in  Testing   Machine, 
Load  Applied  at  Center  of  Span 

The  discussion  deals  ^\"ith  the  effect  which  each  of  the 
variables  studied  has  on  (1)  the  relative  average 
strength  of  tlie  concrete  and  (2)  the  uniformity  of 
strength  within  each  group  of  individual  specimens  from 
wliich  the  average  values  were  calculated.  Figures  4, 
•"),  and  6  have  been  plotted  from  the  data  shown  in  the 
tables  in  order  to  bring  out  certain  relationship  which 


Figure  3. — .Specimen  Set  Up  in  Testing  Machine, 
Load  Applied  at  Third  Points 

Table  4. — Average  values  of  jlexural  strenglh  al  28  days  and  aver- 
age -percentage  variations  of  individual  values  from  the  average 
6  BY  6  BY  21  INCH  BEAMS— 18-INCH  SPAN 


Maximum  size  aggregate 

Third-point  load- 
ing 

Center  loading, 

moment  at  plane 

of  fracture 

Center  loading, 
moment  at  cen- 
ter of  span 

(inches) 

Modulus 
of  rup- 
ture 

Varia- 
tion 

Modulus 
of  rup- 
ture 

Varia- 
tion 

Modulus 
of  rup- 
ture 

Varia- 
tion 

2'/. 

Lbs.  per 
sq.  in. 
589 
621 
637 
672 

Per  cent 
5.1 
4.3 
3.4 
4.1 

Lbs.  per 
sq.  in. 
616 
655 
677 
705 

Per  cent 
7.1 

7.8 
7.0 
6.0 

Lbs.  per 
sq.  in. 
684 
704 
721 
753 

Per  cent 
5.7 

2 

4.4 

m 

4.4 

3.6 

Average.. 

4.2 

7.1 

4.5 

6  BY  6  BY  30  INCH  BEAMS-27-INCH  SPAN 


2K> 

572 
573 
605 
622 
641 

5.6 
7.3 
5.7 
6.2 
5.2 

608 
632 
646 
665 
652 

7.9 
6.2 
6.3 
4.9 
6.3 

646 

663 
684 
696 
693 

7.4 

2 

5.0 

114 

5.1 

Yi 

4.5 

54  I 

4.2 

Average 

6.0 

6.3 

5.2 

8  BY  8  BY  27  INCH  BEAMS-24-INCH  SPAN 


2H 

534 

562 

576 

5.2 
4.7 

4.2 

573 

10.3 

7  n 

620 
646 
669 

8.5 

•> 

5.5 

m 

5.3 

Average 

4.7 

6.4 

Grand  average 

5.1 

7.0 

5.3 

'  These  specimens  tested  with  side  in  tension,  all  others  tested  with  bottom  in 
tension. 

appear  to  exist.     These  indications  are  discussed  in  the 
following  order: 

1.  The  effect  of  variations  in  the  method  of  loading 
and  in  the  method  of  computing  the  bending  moment. 
(Fig.  4.) 

2.  The  efl'cct  of  changing  maximum  size  of  aggregate. 
(Fig.  4.) 

3.  The  effect  of  changing  the  cross-sectional  dimen- 
sions of  the  specimens  when  the  ratio  of  depth  of  beam 
is  to  span  constant  at  1  to  3.      (Fig.  5.) 

4.  The  effect  of  changing  the  ratio  of  depth  of  beam 
to  span  length  when  tiie  cross  section  is  constant. 
(Fig.  6.) 
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The  data  plotted  in  the  upper  portion  of  each  of  the 
figures  referred  to  above  are  the  average  strengths  of 
the  group  of  specimens  representing  each  test  condition. 
In  most  cases  each  point  represents  the  average  of  20 
individual  tests  made  on  different  days  in  accordance 
with  the  schedule  wliich  has  been  described.  The  data 
plotted  in  the  lower  part  of  each  figure  gives,  for  each 
test  condition,  the  average  per  cent  variation  from  the 
average  of  the  group. 


k  <  30   K.t,u 
27*  SPAN 


S  X  S  X  27   BEAU 
24" SPAN 


m 


o 


METHOD    OF    LOADING 


THIRD     POINTS 


-+    CENTER. MOMENT    AT    FRACTURE 
-O    CENTER. MOMENT    AT    CENTER 


?—  ?  I—  —  ?—  2  I—  —  P—  2  I  — 

maximum  size  of  coarse  aggregat e  -  i  nches 

Figure  4. — Effect  op  Method  op  Loading  and  Maximum  Size 
OP  Coarse  Aggregate  on  Average  Values  of  Modulus 
OP  Rupture  and  Average  Percentage  Variation  of  Test 
Results 

Effect  oj  method  of  loading  and  method  of  coinpnting 
bending  moment. — From  Figure  4  it  is  evident  that  both 
the  method  of  loading  the  specimen  and  the  method  of 
computing  the  bending  moment  have  a  marked  effect 
upon  the  modulus  of  rupture.  An  examination  of  the 
curves  in  the  u])per  portion  of  this  chart  shows  that  the 
method  of  loading  the  specimens  at  the  third  points 
produces  the  lowest  results  in  flexure  while  the  highest 
results  are  obtained  by  applying  the  load  at  the  center 
of  the  span  and  com])uting  the  moment  at  the  same 
place.  Intermediate  results  are  obtained  by  loading 
the  specimen  at  the  mid  span  and  computing  the  moment 
at  the  plane  of  fracture.  This  relationship  holds  for 
all  sizes  of  specimen  and  all  maximum  sizes  of  coarse 
aggregate  without  exception.  If  the  specimens  were 
fabricated  from  a  material  absolutely  homogeneous  in 
character  and  loaded  at  center  of  span,  all  of  them 
would  break  at  the  center  (plane  of  maximum  moment). 
Concrete  is  no  such  material  and  very  frequently  when 
tested  with  the  load  applied  at  the  center  of  the  span 
the  specimen  will  break  at  a  plane  somewhere  between 


the  j)oint  of  application  of  the  load  and  one  of  the 
reaction  points.  In  such  cases  if  the  bending  moment 
is  computed  at  the  plane  of  fracture,  a  lower  flexural 
strength  will  be  obtained  than  if  the  moment  is  com- 
puted at  the  center  of  span.  For  instance,  in  Figure  4, 
with  8  by  8  inch  specimens,  2}^-inch  aggregate,  the 
average  value  for  the  group  was  573  pounds  per  square 
inch  when  the  bending  moment  was  computed  at  the 
plane  of  fracture,  while  the  same  specimens  gave  an 
average  value  of  620  i:)ounds  per  square  inch  when  the 
bending  moment  was  computed  at  the  center,  a  differ- 
ence of  8  per  cent.  If  individual  cases  are  examined, 
greater  differences  will  be  noted.  Thus,  on  round 
No.  1  of  this  series  of  tests  a  value  of  508  pounds  per 
square  inch  was  obtained  when  the  moment  was  com- 
puted at  the  plane  of  fracture  while  the  corresponding 
value  obtained  when  the  moment  was  computed  at  the 
center  of  the  span  was  609  pounds  per  square  inch,  a 
difference  of  20  per  cent.  This  difference  was  caused 
by  the  specimen  breaking  2  inches  off  center. 

The  uniformity  of  test  results  as  affected  by  the 
method  of  loading  is  shown  in  the  lower  portion  of 
Figure  4.  It  is  interesting  to  note,  in  the  two  cases 
where  the  span  length  is  three  times  the  depth  (left  and 
right  hand  groups  in  the  figure)  that  loading  at  the 
third  points  generally  gives  the  most  consistent  results, 
with  the  center-loading  method,  moment  computed  at 
plane  of  fracture,  always  giving  the  least  consistent 
results.  For  the  span  ratio  of  1 :4K  (6  by  6  by  30  inch 
beams)  loading  at  center  with  moment  computed  at 
center  gives  in  most  cases  the  greatest  uniformity. 

Table  5,  A  shows  the  strengths  obtained  with  center 
loading  expressed  as  a  percentage  of  the  strength  when 
tested  at  the  third  points.  These  percentages  are  shown 
for  moments  computed  at  plane  of  fracture  and  at  the 
center  of  beam,  as  well  as  for  each  size  of  beam.  It  will 
be  observed  that  the  average  strength  of  the  concrete 
when  tested  with  center  loading  exceeds  that  obtained 
from  tests  at  the  third  points  by  about  7  per  cent  when 
the  bending  moment  is  computed  at  the  plane  of  frac- 
ture; and  by  about  14  per  cent  when  the  moment  is 
computed  at  the  center  of  the  beam. 

Effect  of  maximum  size  of  coarse  aggregate. — These 
relationships  are  shown  in  Figure  4  for  each  size  of 
beam  and  for  each  method  of  loading.  In  all  cases, 
decreasing  the  maximum  size  of  the  aggregate  increases 
the  modulus  of  rupture.  In  this  connection  it  is  of 
interest  to  refer  to  Table  3  and  to  note  that  practically 
identical  cement  factors  were  used  in  the  concretes  con- 
taining the  various  maximum  size  aggregate  and,  more- 
over, that  because  of  this  fact  the  net  water-cement 
ratio  increased  as  the  maximum  size  became  smaller. 
This  fact  would  lead  one  to  assume  that  the  actual 
strength  would  decrease  instead  of  increase.  However, 
the  results  are  consistent  and  they  would  appear  to 
indicate  either  that  the  relation  between  water-cement 
ratio  and  flexural  strength  varies  with  the  maximiun 
size,  or  that  the  cross  sections  of  the  test  specimens 
were  too  small  to  indicate  the  true  relation. 

In  considering  the  effect  of  size  of  aggregate  upon 
the  flexural  strength  it  should  be  remembered  that  the 
proportions  for  the  smaller  aggregate  contained  a 
greater  percentage  of  sand  than  those  for  the  larger 
aggregate  combinations.  The  percentage  of  sand  in 
the  mixes  for  gradings  A,  B,  and  C  is  in  proportion  to 
the  voids  in  the  coarse  aggregate.  Previous  tests  with 
an  aggregate  similar  to  the  one  used  in  this  investi- 
gation where  two  gradings  corresponding  to  gradings 
B  and  C  were  employed  showed  slightly  higher  strengths 
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Tahle  5. — ^'<ircnglh  ratios 

A— EFFECT  OF  METHOD  OF  LOADING 


Maximum  size  ag- 
gregate (inches) 


2H - 

•7 

H - 

Average 


Flexural  strength  expressed  as  percentage  of  that  given  by 
third-point  loading 


Center  loading,  moment  at 
fracture 


6  by  6  by 
21  inch 
beams 


105 
105 
106 
105 


6  by  6  by 
30  inch 
beams 


lOfi 
110 
107 
107 


8  by  8  by 
27  inch 
beams 


107 
105 
10>» 


Center  loading,  moment  at 
center 


6  by  6  by 
21  inch 
beams 


lUl 
llli 
li:i 
112 


6  by  G  by 
30  indi 
beams 


113 
lit; 
113 
112 


8  by  8  by 
27  inch 
beams 


llfi 
115 
illi 


116 


B— EFFECT  OF  MAXIMUM  SIZE  OF  AGGREGATE 


Method  of  loading 


6  by  6  by  21  inch  beams,  18-inch  span: 

Third  point 

Center,  moment  at  fracture __ 

Center,  moment  at  center 

6  by  6  by  30  inch  beams,  27-inch  span: 

Third  point. __ 

Center,  moment  at  fracture 

Center,  moment  at  center. 

8  by  8  by  27  inch  beams,  24-inch  span: 

Third  point 

Center,  Inoment  at  fracture 

Center,  moment  at  center 

Average _ 


Flexural  strength  ex- 
pressed as  iiercentage 
of  strength  of  concrete 
containing  2H-inch 
maximum  size  aggre- 
gate 


2-inch    IH-inch  J4-inch 


105 
lOfi 
103 

100 
104 
103 

105 
103 
104 


104 


108 
110 
105 

IOC 
106 
106 

108 
110 
108 


111 
114 

no 
loy 

lO'J 
108 


C— EFFECT  OF  SIZE  OF  BEAM 


Flexural  strength  expressed  as  percentage  of  strength  of 
8  by  8  by  27  inch  beams 

Maximum  size  ag- 
gregate (inches) 

6  by  6  by  21  inch  beams 

6  by  6  by  30  inch  beams 

Third- 
point 
loading 

Center  loading 

Third- 
point 
loading 

Center  loading 

Moment 

at 
fracture 

Moment 

at 

center 

Moment 

at 
fracture 

Moment 

at 

center 

■2y2 

no 
no 
in 

108 
111 
108 

110 
109 
108 

107 
102 
105 

106 
107 
103 

104 

103 

lYi 

102 

Average 

no 

109 

109 

105 

105 

103 

D— EFFECT  OF  LENGTH 

OF  SPAN 

Maximum  size  aggregate  (inches) 

Flexural  strength  of  6  by  6  by 
21  inch  beams,  18-inch  span, 
expressed  as  percentage  of 
strength  of  6  by  6  by  30  inch 
beams,  27-inch  span 

Third- 
point 
loading 

Center  loading 

Moment 

at 
fracture 

Moment 

at 

center 

2H-- 

103 
108 
105 
108 

101 
104 
105 
108 

106 

2 

106 

IH 

105 

H ::    

Average 

106 

104 

106 

for  the  finer  grading,  even  though  there  was  a  difference 
of  0.15  of  a  sack  of  cement  per  ciihic  yard  of  concrete 
in  favor  of  the  coarser  grading.  Tliis  present  series 
indicates  a  possible  cliange  in  He.xiiral  strength  of  as 


much  as  14  jicr  cent  wliere  the  consistency  and  cement 
factor  were  hehl  constnnt.      (Tahle  5,  B.) 

As  to  uniformity,  it  will  ho  observed  (iisit  there  is  a 
distinct  tendency  lor  grenter  unilorniity  lor  the  snndler 
maximum  sizes.  These  rehidonsliips  are  shown  in  the 
lower  part  of  Figure  4. 

Table  5,  B  shows  the  effect  of  size  of  aggregate  ex- 
pressed as  a  percentage  of  the  strength  obtained  with 
the  2j2-inch  material.  It  is  noted  that  a  decrease  in 
maximum  size  to  three-fourths  inch  increiises  the  strength 
about  10  ])er  cent ;  also  that  tbe  elfect  of  size  is  about  the 
same  for  the  two  cross  sections  and  for  the  two  ratios  of 
depth  to  span,  except  that  in  the  latter  case  the  shorter 
span  shows  a  sonunvliat  greater  increase  for  the  ^^'-incli 
size.  The  method  of  loading,  liktnvise,  appears  in 
general  to  exert  little  iulliience  ou  this  relation. 

MAXIMUM    SIZE    OF    COARSE    AGGREGATE 
Z^INCM  2    INCH  1^  INCH 
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CROSS    SECTION 

FiGCRE  5. — Effect  of  Size  of  Beam  on 
Average  Values  of  Modulus  of  Rup- 
ture AND  Average  Percentage  Varia- 
tion OF  Test  Results.  Span  Is  Three 
Times  Depth 

Effect  of  I'u nations  in  cross  section  vitli  ratio  of  dcptJi 
to  span  constant-  The  effect  of  increasing  the  cross- 
sectional  dimensions  of  the  specimen  while  maintaining 
the  ratio  of  depth  to  span  length  constant  at  1:3  is 
shown  in  Figure  5.  It  will  be  observed  that  for  all 
three  methods  of  loading,  as  well  as  for  all  maximum 
sizes  of  coai'se  aggregate,  the  smaller  cross  section  gives 
the  higher  results.  These  ol)servations  are  in  line  witli 
the  results  of  tests  reported  by  a  subcommittee  of  the 
committee  on  materials  of  the  .\nierican  As.sociation 
of  State  Highway  Oflicials,  and  ])ublishe(l  in  the  Ajjril, 
1931,  issue  of  Public  Roads.  In  this  series  various 
depths  and  widths  of  beam  specimens  ranging  from  4 
bv  4  inches  to  10  bv  10  inches  were  tested.     It  was 
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observed  that  the  modulus  of  rupture  of  the  concrete 
decreased  in  du-ect  proportion  as  the  depth  of  the  beam 
increased  and  it  was  pointed  out  that  this  dimension 
will  have  to  be  standardized  if  comparable  results  are 
to  be  expected. 

From  the  standpoint  of  uniformity  (lower  portion  of 
fig.  5)  the  results  are  not  so  consistent,  although,  in 
general,  it  may  be  said  that  the  G  by  6  inch  beams  give 
somewhat  more  uniform  results  than  the  8  by  8  inch 
beams.  This  is  true  in  all  cases  of  third-point  loading 
and  also  for  center  loading,  moment  at  center. 

The  percentage  differences  are  shown  in  Table  5,  C, 
where  the  strength  obtained  on  the  6  by  6  by  21  inch 
beams  are  shown  as  percentages  of  the  strength  of  the 
8  by  8  by  27  inch  beams.  The  6  by  6  inch  cross  section 
gave  results  about  10  per  cent  higher  than  the  8  by  8 
inch  section. 

MAXIMUM    SIZE    OF  COARSE    AGGREGATE 

J;  :ncm  a  inch  Ij  inch  |inch 
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Figure  6.- — Effect  of  Length  of  Span  on  Average  Values 
OF  Modulus  of  Rupture  and  Average  Percentage  Vari- 
ation OF  Test_Results,  FOR  6  BY  6  Inch  Beams 

The  strength  obtained  in  tests  of  6  by  6  by  30  inch 
beams  are  also  shown  in  Table  5,  C  as  percentages  of 
the  strengths  of  8  by  8  by  27  inch  beams.  While  the 
ratio  of  depth  to  span  length  is  not  the  same  in  these 
two  cases,  it  is  of  some  significance  that  the  6  by  6 
inch  beams  give  somewhat  higher  strengths  (approxi- 
mately 5  per  cent)  than  the  8  by  8  inch  beams. 

Effect  qf  variations  in  ratio  of  depth  of  beam  to  span 
length  for  constant  cross  section. — This  relationship,  for 
each  method  of  loading  and  for  each  maximum  size  of 
coarse  aggregate,  is  shown  in  Figure  6.  In  all  cases  the 
specimens  tested  on  the  shorter  span  are  somewhat 
higher  in  strength.  In  this  respect  the  data  do  not 
check  the  results  secured  either  by  the  committee  on 
materials  as  reported  in  Public  Roads,  volume  12, 
No.  2,  April,  1931,  or  the  work  of  the  Portland  Cement 
Association  as  reported  by  F.  R.  McMillan,  director 


of  research  in  1928.  McMillan,  using  beams  7  inches 
in  depth  by  10  inches  in  width,  found  the  effect  of 
span  to  be  unimportant  in  the  case  of  third-point 
loading.  In  the  case  of  center  loading,  however,  he 
found  that  the  modulus  of  rupture  decreased  as  the 
span  increased. 

When  the  data  are  analyzed  with  respect  to  uni- 
formity, it  will  be  observed  that  the  shorter  span 
length  gives  the  most  consistent  results  (lower  average 
percentage  variations)  in  all  but  three  cases,  all  of 
which  are  for  beams  loaded  at  the  center  with  moment 
calculated  at  plane  of  fracture.  Each  group  of  beams 
loaded  at  the  third  points  show  the  most  consistent 
results  for  the  shorter  span.  This  also  holds  for  center 
loading  with  moment  computed  at  the  center  of  the 
beam. 

Reference  to  Table  5,  D  will  show  that,  if  strengths 
are  expressed  on  a  percentage  basis,  the  specimens 
tested  on  the  shorter  span  (ratio  of  depth  of  beam  to 
span  length,  1:3)  gave  results  about  5  per  cent  higher 
than  those  tested  on  the  longer  span  (ratio  1 :4}0.  The 
average  percentage  of  increase  is  about  the  same  for 
all  methods  of  loading.  For  any  given  method  of 
loading  the  percentage  of  increase,  as  affected  hy 
maximum  size  of  aggregate,  varies  from  1  to  8  per  cent, 
with  a  tendency  for  the  concrete  containing  the  2K-inch 
aggregate  to  show  somewhat  lower  ratios  than  the 
concrete  containing  the  %-inch  material.  This  will 
be  discussed  further  in  the  next  section. 

DISCUSSION 

The  primary  purpose  of  this  series  of  tests  was  to 
determine  which  combination  of  the  several  variations 
in  test  procedure  gave  the  most  satisfactory  results 
from  the  standpoint  of  uniformity.  Reference  to 
Table  4  will  show  that  the  grand  average  deviation 
for  all  specimens  (236)  tested  at  the  third  points  was 
5.1  per  cent.  The  corresponding  average  for  239 
specimens  tested  at  the  center  of  the  span  was  5.3  per 
cent  when  the  moment  was  computed  at  the  center 
but  rose  to  7  per  cent  for  the  same  specimens  when  the 
moment  was  computed  at  the  plane  of  fracture.  Of 
the  group  tested  at  the  third  points,  the  6  by  6  inch 
beams  tested  on  18-inch  span  gave  the  lowest  average 
deviation,  4.2  per  cent,  as  compared  to  5.1  per  cent 
for  the  entire  group  and  4.5  per  cent  for  similar  speci- 
mens tested  with  center  loading,  moment  at  center. 

A  possible  reason  for  the  higher  variations  obtained 
with  the  center-loading  method  where  the  moment  was 
computed  at  the  plane  of  fracture  is  the  inability  to 
determine  just  where  this  plane  is  with  any  degree  of 
accuracy.  With  2K-inch  aggregate  it  is  not  hard  to 
see  that  an  error  of  one-half  inch  could  easily  be  made 
in  measuring  the  distance  from  the  reaction  to  the 
plane  of  fracture.  An  illustration  will  show  just  what 
effect  such  an  error  would  have  upon  the  modulus  of 
rupture.  For  instance,  assume  a  beam  specimen  8 
by  8  inches  tested  on  a  24-inch  span,  with  the  load 
applied  at  the  center  of  the  span.  Assume  also  that 
the  load  required  to  break  this  specimen  was  9,000 
pounds  and  that  the  specimen  broke  1  inch  off  center 
or  11  inches  from  one  reaction. 

Using  the  ordinary  formula  for  computing  the  modu- 
lus of  rupture  and  neglecting  the  dead  weight  of  the 
beam  itself,  we  obtain  a  value  of  580  pounds  per  square 
inch  when  the  moment  arm  is  taken  at  11  inches.  An 
error  in  measurement  of  one-half  inch,  giving,  say, 
a  distance  from  the  reaction  of  10^  inches,  would  give 
a  modulus  of  554  pounds  per  square  inch,  a  variation  of 
4.5  per  cent  due  to  tliis  cause  alone. 
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Tlie  simplest  method  is  of  course  to  assume  the 
moment  arm  as  one-half  the  span,  regardless  of  where 
the  beam  breaks.  This  is  the  method  ordinarily 
employed  in  practice.  The  value  so  computed  is 
theoretically  correct  only  for  cases  where  failure  occurs 
exactly  at  the  center.  For  all  other  cases  the  true 
modulus  of  rupture  at  the  section  at  which  failure 
occiuTcd  will  always  be  less  than  the  apparent  modulus 
computed  at  the  center.  For  such  cases  the  value 
reported  as  the  modulus  of  rupture  is  not  the  stress 
which  caused  failure  at  all  but  simply  the  theoretical 
maximum  fiber  stress  existing  in  the  concrete  at  the 
center  of  the  span  at  the  moment  of  failure. 

From  the  above  discussion  it  would  appear  that  both 
methods  of  computing  the  modulus  of  rupture  where 
the  specimen  is  loaded  at  the  center  are  open  to  objec- 
tion, the  first  because  of  the  difficulty  of  accurately 
measuring  the  true  moment  arm,  and  the  second  because 
the  value  obtained  does  not  represent  the  stress  in  the 
section  of  failure  unless  the  specimen  breaks  exactly 
in  the  center,  a  condition  not  always  observed. 

By  loading  at  the  third  points  both  of  these  objections 
are  overcome.  Provided  the  specimen  breaks  within 
the  middle  third  of  the  span,  it  is  not  necessary  to  meas- 
LU"e  the  moment  arm  because  the  moment  is  constant 
over  the  middle  third  and  the  value  obtained  will 
represent  the  true  modulus  of  rupture  of  the  section 
at  failure. 

In  a  further  effort  to  throw  light  on  the  matter  of 
uniformity  the  bar  diagrams  shown  in  Figure  7  have 
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TiGURE  7. — Uniformity  of  Results  for  Different  Test 
la  Conditions   as   Indicated   by   Percentage   of   Specimens 

Which  Varied   More  than  10  Per  ^Cent   from  Average 

of  Group 

been  prepared.  These  figures  show  the  percentage  of 
the  total  number  of  specimens  in  each  group  indicated 
which  gave  results  varying  more  than  10  per  cent  from 
the  average  of  the  group.  It  is  evident  that,  from  this 
■standpoint,  the  third-point  method,  using  6  by  6  inch 
beams  tested  on  18-inch  span,  gave  the  most  consistent 
results.  It  should  be  remembered  when  studying  these 
charts  that  each  point  represents  a  group  of  approx- 
imately 80  specimens  in  the  case  of  the  two  6  by  6  incli 
series  and  approximately  60  specimens  in  the  case  of 
the  8  by  8  inch  series,  and  that  the  K-inch  aggregate 
was  not  included  in  the  fabrication  of  the  8  by  8  by  27 
inch  specimens. 

The  bar  diagrams  shown  in  Figure  8  afford  a  compar- 
ison between  the  results  obtained  from  6  bv  (5  bv  30 
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Figure  8. — Comparison  of  Results  Given  by  Specimens 
Tested  with  Bottom,  as  Molded,  in  Tension,  with 
Those   Given  by  Specimens  Tested  with  Side  in  Tension 

inch  specimens  tested  with  the  bottom  (as  molded) 
in  tension,  and  those  obtained  from  similar  specimens 
tested  with  the  side  in  tension.  The  difl'erences  in 
average  modulus  of  rupture  are  slight.  In  the  case  of 
third-point  loading  the  specimens  tested  with  the  side 
in  tension  gave  somewhat  the  higher  values.  The 
reverse  is  true  in  the  case  of  center  loading,  by  both 
methods  of  computation. 

The  diagrams  showing  average  variation  indicate,  in 
two  cases  out  of  three,  a  slight  advantage  in  favor  of 
the  specimens  tested  w^th  the  side  in  tension.  How- 
ever, these  tests  are  not  conclusive  enough  to  warrant 
a  statement  as  to  whether  specimens  should  be  tested 
wdth  the  side  or  the  bottom  in  tension. 

A  short  series  of  tests  in  wliich  a  rounded  coarse 
aggregate  was  used  in  place  of  crushed  stone  was  con- 
ducted for  the  purpose  of  giving  some  information 
regarding  the  effect  of  type  of  aggregate  on  strength 
and  uniformity.  Tests  were  made  on  one  size  of  speci- 
men only  (6  by  G  b}-  30  inch)  and  on  one  maximum 
size  of  coarse  aggregate  (l^-inch).  Comjjarison  of  the 
method  of  loading  at  the  third  points  and  center  loading 
sliows  the  same  trend  as  with  the  crushed  aggregate. 
Loading  at  tlie  third  points  gave  the  lowest  strengths 
while  center  loading,  moment  taken  at  the  center  of 
the  beam,  gave  the  highest. 

SUMMARY 

From  the  data  obtained  in  these  tests  the  following 
indications  have  been  summarized. 

A.  Relative  flexural  strength.- — 1.  The  Oexural  strength 
of  the  specimens  was  influenced  by  the  method  of  load- 
ing and  of  computing  the  results.     The  three  methods 
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which  were  investigated  gave  vahies  of  the  moduhis  of 
rupture  in  the  following  descending  order  of  magnitude : 

(a)  Center  loading,  bending  moment  computed  at 
center  of  span; 

(6)  Center  loading,  bending  moment  computed  at 
plane  of  fracture; 

(c)  Third-point  loading. 

2.  The  flexural  strength  of  the  concrete  increased  as 
the  maximum  size  of  the  coarse  aggregate  became 
smaller. 

3.  With  a  constant  ratio  of  span  length  to  depth, 
higher  flexural  strengths  were  obtained  on  specimens 
having  the  smaller  cross  section. 

4.  With  a  constant  cross  section,  higher  flexural 
strengths  were  obtained  on  specimens  having  the 
shorter  s])an. 

B.  Uniformity. — 1.  The  uniformity  of  flexure  test 
results  was  affected  by  the  method  of  loading  the 
specimen  and  by  the  method  of  computing  the  bending 
moment.  The  three  methods  used  in  these  tests  are 
given  below  in  order  of  decreasing  uniformity. 

(a)  Third-point  loading; 

(b)  Center  loading,  bending  moment  computed  at 
center  of  span; 

(c)  Center  loading,  bending  moment  computed  at 
plane  of  fracture. 

2.  The  uniformity  of  flexure  test  results  was  afl'ected 
by  the  maximum  size  of  the  coarse  aggregate  employed, 
smaller  aggregates  producing  somewhat  more  uniform 
results. 

3.  With  a  given  ratio  of  span  length  to  depth  the 
specimens  having  the  smaller  cross  section  gave  the 
more  consistent  results. 

4.  In  tests  of  specimens  of  constant  cross  section  on 
18  and  27  inch  spans,  the  shorter  span  produced  the 
more  uniform  results  in  the  case  of  the  third-point 
loading  aad  the  center  loading  with  moment  computed 
at  center.  In  the  case  of  the  center  loading  with 
moment  computed  at  plane  of  fracture,  the  reverse  is 
generally  true. 

RECOMMENDATIONS 

1.  Method  of  loading. — From  the  standpoint  of  uni- 
formity of  test  results  there  would  appear  to  be  but 
little  choice  between  the  third-point  method  of  loading 
and  a  center  loading  with  the  moment  computed  at  the 
center  of  the  span.  However,  it  is  felt  that  the  theo- 
retical objections  raised  against  the  latter  method, 
which  have  been  discussed  in  this  report,  coupled  with 
the  fact  that  the  uniformity  of  the  results  obtained  by 
the  third-point  method  of  loading  is  as  good  as  with 
the  center  loading,  warrant  a  recommendation  that  the 
third-point  method  of  loading  be  standardized  for 
laboratory  work. 

2.  Cros.s  section  of  specimen. — The  data  indicate  that 
specimens  having  cross-sectional  dimensions  of  6  by  6 
inches  give  fully  as  uniform  results  as  specimens  of  8  by 
8  inch  cross  section.  Moreover,  the  decrease  in  uni- 
formity due  to  increasing  the  maximum  size  of  the 
coarse  aggregate  up  to  2^  inches  is  so  small  as  to  be 
negligible  from  a  practical  point  of  view.  It  is  recom- 
mended, therefore,  that  a  cross  section  of  6  by  6  inches 
be  standardized  for  laboratory  testing. 

3.  SpaJi  length. — The  results  indicate  a  slight  advan- 
tage from  the  standpoint  of  uniformity  in  favor  of  the 
shorter  span.     The  data  also  indicate  that  the  modulus 


of  rupture  is  decreased  by  increasing  the  span.  As  far 
as  the  third-point  method  of  loading  is  concerned,  these 
results  are  in  conflict  wath  the  results  reported  by  both 
the  committee  on  materials,  American  Association  of 
State  Highway  Officials  and  the  Portland  Cement  Asso- 
ciation. In  view  of  this  fact,  and  also  because  only- 
two  span  lengths  were  investigated,  no  recommenda- 
tions regarding  this  dimension  are  made. 

(Continued  from  p.  176) 

originally  a  penetration  of  164  and  a  softening  point  of 
40°  C,  and  three  parts  of  an  asphaltic  oil  having  an 
original  specific  viscosity  of  169  at  40°  C.  and  44  at  50° 
C.  The  resultant  residue  had  a  penetration  of  76  and  a 
softening  point  of  55°  C,  approximating  a  normal 
asphalt  cement,  and  was  faii'ly  soft  and  plastic,  indicat- 
ing its  ability  to  continue  to  hold  the  cover  stone  without 
excessive  cracking  in  cold  weather  or  bleeding  in  hot 
weather. 

The  cost  of  maintaining  the  wearing  surface  of  the 
project  through  the  6-year  period,  while  varying  among 
the  sections,  is  considerably  less  than  that  of  an  un- 
treated topsoil  carrying  much  less  traffic.  Data 
obtained  in  a  survey  of  low-cost  roads  by  C.  N.  Connor  ^ 
indicate  that  the  corresponding  maintenance  cost  of 
untreated  topsoil  and  sand-clay  roads  averages  between 
$300  and  $600  per  mile  annually  and  that  such  roads, 
ordinarily,  serve  economically  and  satisfactorily  a 
maximum  of  about  400  vehicles  daily,  while  under 
heavier  traffic  the  maintenance  cost  increases  rapidly. 

Excluding  the  cost  of  the  nonskid  treatments  which, 
while  they  obviously  added  somewhat  to  the  betterment 
of  the  areas  affected,  were  applied  principally  as  a  safety 
factor,  the  maintenance  ranged  from  $135  to  $345  per 
mile  annually  and  averaged  $270.  Including  the  non- 
skid  treatment  the  average  annual  cost  was  $324  per 
mile.  While  this  cost  may  be  higher  than  present-day 
maintenance  of  similar  type,  it  should  be  recalled  that 
little  preliminary  work  was  done  on  the  road  prior  to 
applying  the  surface  treatments  and  also  that  the  proj- 
ect was  made  up  of  relatively  short  experimental 
sections.  The  crown,  while  satisfactory  for  the  old 
sand-clay  type,  was  excessive  for  a  surface-treated  road 
and  is  believed  to  have  added  somewhat  to  the  cost  of 
maintenance. 

Traffic  records  show  that  in  1924  the  road  was  carry- 
ing an  average  of  636  and  a  maximum  of  800  vehicles 
daily  based  on  a  count  through  the  summer  months 
only.  For  the  fiscal  year  1930-31  a  monthly  count 
showed  the  sections  to  be  carrying  an  average  of  956 
vehicles  daily  with  a  maximum  of  1,402  which  is  an 
increase  of  over  50  per  cent.  As  shown  in  Table  1  the 
maintenance  cost  of  the  sections,  with  the  exception  of 
the  first  year  after  construction  which  usually  is  rela- 
tively high,  continued  very  uniform  in  spite  of  the  great 
increase  in  traffic. 

In  addition  to  the  decided  economy  of  maintenance 
and  the  providing  of  a  surface  of  the  required  carrying 
capacity,  other  advantages  which  can  not  be  estimated 
in  dollars  and  cents,  such  as  reduced  operating  expense, 
elimination  of  dust,  all-weather  surfaces,  and  increased 
surface  smoothness  were  obtained  and  could  be  retained 
indefinitely  at  a  reasonable  cost. 

s  Pt.  2  of  the  Proceedings  of  the  Seventh  Annual  Meeting  of  the  Highway  Eesearcto 
Board. 


o 


ROAD  PUBLICATIONS  of  the  BUREAU  OF  PUBLIC  ROADS 


Any  of  the  following  publications  may  be  purchased  from 
the  Superintendent  of  Documents,  Government  Printing  Office, 
Washmgton,  D.  C.  As  his  office  is  not  connected  with  the 
department  and  as  the  department  does  not  sell  publications, 
please  send  no  remittance  to  the  United  States  Department  of 
Agriculture. 

ANNUAL  REPORTS 

Report  of   the  Chief  of   the  Bureau  of  Public   Roads,    1924. 
5  cents. 

Report  of   the  Chief  of   the  Bureau  of  Public   Roads,    1925. 
5  cents. 

Report  of  the  Chief  of   the  Bureau  of  Public  Roads,    1926. 
5  cents. 

Report  of   the   Chief   of    the   Bureau  of  Public   Roads,    1927. 
5  cents. 

Report  of   the   Chief  of   the  Bureau  of  Public   Roads,    1928. 
5  cents. 

Report  of  the   Chief  of   the  Bureau  of  Public   Roads,    1929. 
10  cents. 

Report  of  the   Chief  of   the   Bureau  of  Public  Roads,    1930. 
10  cents. 

Report  of  the  Chief  of   the  Bureau  of   Public   Roads,    1931. 
10  cents. 

Report  of  the  Chief  of  the  Bureau    of   Public   Roads,    1932. 
10  cents. 

DEPARTMENT  BULLETINS 

No.     136D   .   .  Highway  Bonds.     20  cents. 

Methods  for  the  Determination  of  the  Physical 


No.    347D 

No.    532D 

No.    583D 

No.   660D 
No.  1279D 


Properties  of  Road-Building  Rock.      10  cents. 

The  Expansion  and  Contraction  of  Concrete 
and  Concrete  Roads.      10  cents. 

Reports  on  Experimental  Convict  Road  Camp, 
Fulton  County,  Ga.     25  cents. 

Highway  Cost  Keeping.      10  cents. 

Rural  Highway  Mileage,  Income,  and  Expendi- 
tures, 1921  and  1922.     15  cents. 

Highway  Bridge  Location.      15  cents. 


No.  1486D 

TECHNICAL  BULLETINS 

No.      55T  .   .  Highway  Bridge  Surveys.     20  cents. 

No.  265T  .  .  Electrical  Equipment  on  Movable  Bridges. 
35  cents. 

MISCELLANEOUS  CIRCULARS 

No.  62MC  .  .  Standards  Governing  Plans,  Specifications, 
Contract  Forms,  and  Estimates  for  Federal- 
Aid  Highway  Projects.     5  cents. 

No.  93MC  .  .  Direct  Production  Costs  of  Broken  Stone. 
25  cents. 

No.  109MC  .  .  Federal  Legislation  and  Regulations  Relating 
to  the  Improvement  of  Federal-Aid  Roads  and 
National-Forest  Roads  and  Trails,  Flood 
Relief,  and  Miscellaneous  Matters.     10  cents. 


MISCELLANEOUS  PUBLICATION 

No.    76MP  .  .  The  results  of  Physical  Tests  of  Road-Build- 
ing Rock.     25  cents. 

REPRINT  FROM  PUBLIC  ROADS 

Reports  on  Subgrade  Soil  Studies.     40  cents. 


Single  copies  of  the  following  publications  may  be  obtained 
from  the  Bureau  of  Public  Roads  upon  request.  They  can  not 
be  purchased  from  the  Superintendent  of  Documents. 

SEPARATE  REPRINT  FROM  THE  YEARBOOK 

No.  I036Y   .   .   Road  Work  on  Farm  Outlets  Needs  Skill  and 
Right  Equipment. 

TRANSPORTATION  SURVEY  REPORTS 

Report  of  a  Survey  of  Transportation  on  the  State  Highway 
System  of  Ohio.     (1927.) 

Report  of  a  Survey  of  Transportation  on  the  State  Highways 
of  Vermont.     (1927.) 

Report  of  a  Survey  of  Transportation  on  the  State  Highways 
of  New  Hampshire.     (1927.) 

Report  of  a  Plan  of  Highway  Improvement  in  the  Regional 
Area  of  Cleveland,  Ohio.     (1928.) 

Report  of  a  Survey  of  Transportation  on  the  State  Highways 
of  Pennsylvania.     (1928.) 

Report  of  a  survey  of  Traffic  on   the  Federal-Aid  Highway 
Systems  of  Eleven  Western  States.     (1930.) 


A  complete  list  of  the  publications  of  the  Bureau  of  Public 
Roads,  classified  according  to  subject  and  including  the  more 
important  articles  in  PUBLIC  ROADS,  was  printed  in  PUBLIC 
Roads,  vol.  13,  No.  3,  May.  1932.  Copies  of  this  list  may 
be  obtained  upon  request  addressed  to  the  U.  S.  Bureau  of 
Public  Roads,  Willard  Building.  Washington,  D.  C. 


t .  ^ 


u 

X 

D 

H 

>J 

D 

r/5 

U 

Q 

(K 

<1 

< 

O 

u, 

O 

C) 

H 

2 
(il 

►J 

PQ 

:s 

O 

H 

0. 

« 

< 

ta 

o 

u 

D 

w 

<: 

w 

< 

« 

H 

p 

Q 

w 

W 

H 

2 

D 

o 

H 
O 
tD 

p:! 
H 

O 

o 

Q 
< 
O 

Q 

< 
I 

< 

w 

Q 
W 

O 

< 
H 

CO 

!z: 
w 

D 

o 


(NJ 

n 


00 


S     Pi 
<     CQ 

w 
u 
w 

Q 


7 ft-  ^'^  =^ 


Q 
uu 

HO 

w< 
oS 


I  § « 


CO    O    O 

uou 


:*o  s 


.SiiSM 


^ss 


3    C  iJ 

•fi  a  a 


SS2 


ris 


sss 


•S  b  E 

Z22 


s  s  s 
22Z 


.12 


■C  to 
o  o5 

ZZ3 


)  r^o       K%    vi3      ^om     ffN2>*-     >J^5.o^      E"^tT     C:":£!0'    *liSS      C 

E5l 


if\K\CTs'     oo^      —wa^     *o  tfNf-      (V  t- \e\ 


2    3    3 


%\ 


hh3i 


III, 


o^  g>i    w  c 


—  <n 


3*2 


<r\  —  K^      ».  fu  CM  I    o  ^  J» 
^^cu       ^«oio     Ki  —  ^ 


J»J»   »^         r-\<T^<T^«l 


©Via  r^     '^r-w      in^ 


tSS'  3?8I    '^S^    1R|3>   ~';£,8 


~'^'^!  ^«SP   ei!?2 


•81?.   gfiS'    ^^8    8^8    -S-SiS    8?.8    P;^^  r^  ::'2lr:  :?^5  SiJ^ 

r-^(r>-^i    o».*^d       f-^wo      OOO      i^'>J?  O      o  t^O      A  ^^  "o^  wj*«o  irt^  ji  :r  !D2^ 

t^\^  (r\     »»^       c\jKiiir»     oinwi      ^  j  —      o  —  —  !    Coj'—  wk%  '^-*'^  w>^ii%i  oo^*^ 

cuvf)  (u  nt 


^  t<\t~        OJ  ONCO  I     OWN 

pal 


>  (7^^  IfNf^O 


^M  CO 


as«    3ti= 


;(5ii 


III 


^   (TiO    i       V  O   » 

r-j»  IT*      «o  w  ^ 


^  10  O 


SS!8 


J*  ni  o 


\Cc^ 


Rao  S 


«8S;    ^K»   »».      &S8|  S'SSi  S5':: 


4i 


fzs-i 


h-f^Q,    w<r><vj       irnn(*^     \i3ftio> 

3js,5!  ?^i?    ::^^8{  -^^^ 


'^ftJ    I     r-^j 


J*  <A  -^  1      J  W  BO 


ir»o  o       f- w 


£■5: 


QfcO 


13  .S-a 


Q  W^ 


ONir*™ 


siis 


K-i^'• 


ao  cu  ON 


•S  cu  tvi 


K\t\i  h-      <T^lr^^- 


(2  inu 


-s'- 


irvvo 


■£?« 


ir\(r>v£      v^ 


Sig 


^«- 


fse 


ON  ON  w  O^ 


tSjlJ'irN       ^  IfNKN         KN         •-  C 

S*  f^^  OJ  CJ  O  «0  CTvU 


'J3;*f-      CNW^      Sirs  =Q!fiiil 

OrfN^\,      f— ^r-       QOQ  CVJQ^W 

ON  ITiJ*  ■        KNOr^         0"-Q  e\JOOO^ 

St,  *~    « 


— ! 

^r^ff^oi     w-:t^       q  «o  <o       itno^  jf* 

WO»^        WiyKN'       OVD^         ^^IfN^O 


^M?      I 


^  O  W  -^11 

W  h^^*  lA^VD 

toeoo      j»r»NON 


KNW  ON         ONO  f 


o  ^O 


■NW  I      ^i>  O  — 


:se 


W       J        w 


VA  ONNA  iC  K\^  I  ON  W  Q 

tfNW  to  ir^O^D  I  ftl  r*->J 

-Im3  o  w -^  Q  a^t^L^ 

■-ocyr*  Oh-iri  ^o^on 


<7vON      JttoJN      cvjtow 
tuw.o      v2^£oN     r^r-ao 


w  t-      tn^  ^-e 


2SS 


iSt*?* 


J  w3  !    w 


ass 


ssa 


1   —         »*-v03  tTN 

«0  O  r*^ 


(\i  KN       w  ir»w  I     t\l  wt^ 


•St*'  tit 

ZZZl    Z22 


.5  2 


OQ 

as 


3s*^ 


Sff^ 


S  R;* 


3SS 


W  tAW 


W   CINQ'S 


^00  ON 


^^ 


ITtO  O 


fNW  to  I      OnO  W 


ft)  — VO        vi>  Q  O 


W  r^ 


r«w  (TV      w  r^o 
ir\*-w      w  *■ 

W  QMJ 
ONO  O 


-  W  '      ITiKN  r- 


•■  w"  ON         ON  ON  r'N 


KN\^  VI}  O  W  ITS 

\0  ONl^        onw  p 
fti  ONO      NO  r— w 


■o.S  2 

III 
•§5  5 

_g   3   3 
Ct^  (/]  c^ 


III 

hh3 


3i2 


MJ  «0  h-KN 


OnOMO  O 
W  ^l^w^* 


CO  W  h-\X) 

^£3  5 


ONh-  O 

WW* 


•a 

ail 


w  a 

4- 


19 


/^^>/6 


h,.        ..,11 


^11 


iih.    ^.iiiiiiiiiiiiiiiii::i 


i 


ill. 


I ^itll    ,(1 


..,iiiiiiiiii.,_      ...III 


A  JOURNAL  OF  HIGHWAY    RESEARCH 


IIII^MM^, 


iiiuirrrnMiii 


UNITED  STATES  DEPARTMENT  OF  AGRICULTURE 

BUREAU  OF  PUBUC  ROADS 


VOL.   13,   NO.   12 


V 


FEIBRUARY,   1933 


AIR    VIEW    OF    WOODWARD    AVENUE,    WAYNE    COUNTY,    MICHIGAN 


For  sale  by  the  Superintendent  of  Documents.  Washington,  D.  C. 


See  Pag2  2  of  cover  for  prices 


PUBLIC  ROADS 


►  ►  ►  v4  Journal  of 
Highway  Research 


Issued  by  the 

UNITED  STATES  DEPARTMENT  OF  AGRICULTURE 
BUREAU    OF    PUBLIC    ROADS 

G.  P.  St.  CLAIR,  Editor 


Volume  13.  No.  12 


February,   1 933 


The  reports  of  research  published  in  this  magazine  are  necessarily  qualified  by  the  conditions  of  the  tests  from  uhich  the  data  are 

obtained.     Whenever  it  is  deemed  possible  to  do  so,  generalizations  are  drawn  from  the  results  of  (he  tests;  and,  unless  this  is  done, 

the  conclusions  formulated  must  be  considered  as  specifically  pertinent  only  to  the  described  conditions. 


In  This  Issue 


Page 

185 


A  Survey  of  Highway  Transportation  in  Michigan 

Motor  Tourist  Traffic  in  Michigan 197 


THE   BUREAU   OF   PUBLIC   ROADS 
REGIONAL  HEADQUARTERS 


-     Willard  Building,  Washington,  D.  C. 
Mark  Sheldon  Building,  San  Francisco,  Calif. 


DISTRICT  No.  I.   Oregon,  Washington,  and  Montana. 

Post  Office  Building,  Portland.  Oreg 


DISTRICT   No.  2.   California.  Arizona,  Nevada,  and  Hawaii. 

Mark  Sheldon  Building.  461   Market  St..  San  Francisco.  Calif. 

DISTRICT  No.  3.  Colorado.  New  Mexico,  and  Wyoming. 

237  Custom  House,  Nineteenth  and  Stout  Sts.,  Den\er.  Colo, 
DISTRICT  No.  4.   Minnesota,  North  Dakota.  South  Dakota,  and  Wisconsin. 

410  Hamm  Building,  St.  Paul.  Minn. 

DISTRICT  No.  5.    Iowa.  Kansas,  Missouri,  and  Nebraska. 

Eighth  Floor.  Saunders-Kennedy  Building.  Omaha.  Nebr. 

DISTRICT   No.  b.   Arkansas,  Louisiana,  Oklahoma,  and  Texas. 

1912  Fort  Worth  National  Bank  Building,  Fort    Worth.  Trx 


DISTRICT   OFFICES 

DISTRICT  No.  7. 
DISTRICT  No.  8. 


Illinois.  Indiana,  Kentucky,  and  Michigan. 

South  Chicago  Post  Office  Building,  Chicago.  Ill, 

Alabama.  Georgia,  Florida,  Mississippi.  South  Carolina, 
and  Tennessee. 

Shepherd  Building,  Montgomery.  Ala. 

DISTRICT  No.  9.   Connecticut.  Maine.  Massachusetts.  New  Hampshire.  New 
Jersey.  New  York,  Rhode  Island,  and  Vermont. 

Federal  liuilding.  Troy,  N.  Y. 

DISTRICT  No.  10.   Delaware.  Maryland,  NorthCarolina, Ohio,  Pennsylvania. 
Virg  nia.  and  West  Virginia. 

Willard  Building.  Washington.  D.  C 


DISTRICT  No.  II. 
DISTRICT  No.  12. 


.Maska. 

Room  41*^,  Federal  and  Territorial  Building.  Juneau.  Alaska. 

Idaho  and  Utah. 

Federal  Building.  Ogden,  Utah. 


Because  of  the  necessarily  limited  edition  of  this  publication  it  will  be  impossible  to  distribute  it  free  to  any  persons  or  institutions 
other  than  State  and  county  officials  actually  engaged  in  planning  or  constructing  public  highways,  instructors  in  highway  engi- 
neering, and  periodicals  upon  an  exchange  basis.    Others  desiring  to  obtain  Public  Roads  can  do  so  by  sending  $1   per  year 
(foreign  subscription  $1.50)  to  the  Superintendent  of  Documents,  United  States  Government 

Printing  Office,  Washington.  D.  C. 


CERTIFICATE:  By  direction  of  the  Secretary  of  Agricu  ■  ^ire.  the  matter       ntained  herein  is  published  as  adminislralrve  information 
and  is  required  for  the    .  c^ficr  trinj-iction  of  the  public  business. 


r^      V^. 


A  SURVEY  OF  HIGHWAY  TRANSPORTATION  IN 

MICHIGAN 

A  REPORT  OF  HIGHWAY  USAGE  UPON  TRUNK  LINE.  COUNTY  AND  TOWNSHIP  HIGHWAYS  AND 
UPON  CITY  STREETS  OF  MICHIGAN  DURING  1930  AND  1931 

By  the  Bureau  of  Public  Roads,  United  States  Department  of  Agriculture  and  the  Michigan  Highway  Department 


THE  results  of  a  study 
of  highway  traffic 
upon  township,  coun- 
ty, and  trunk-line  fiighway 
systems  and  upon  city 
streets  within  the  State  of 
Michigan  are  given  in  this 
report.  The  siu'vey  was 
conducted  under  a  co- 
operative research  agree- 
ment between  the  Bureau 
of  Public  Roads  of  the 
United  States  Department 
of  Agriculture  and  the 
Highway  Department  of 
the  State  of  Michigan. 

The  work  was  under  the 
general  supervision  of  E. 
W.  James,  Chief  of  the  Di- 
vision of  Highway  Trans- 
port of  the  Bureau  of  Pub- 
lic Roads,  and  Grover  C. 
Dillman,  State  Highway 
Commissioner  of  Klichi- 
gan.  The  project  was  di- 
rectly in  charge  of  L.  E. 
Peabody,  senior  highway 
economist,  assisted  by  C. 
B.  Bishop,  H.  E.  Cunning- 
ham, D.  O'Flaherty,  and  L. 
S.  Tuttle,  all  of  the  Division 
of  Highway  Transport. 

OBJECTIVES  OF  THE  SURVEY 

The  tendency  of  States  to  concentrate  control  of 
highways  has  greatly  advanced  within  the  last  year. 
A  system  of  dividing  road  construction  or  maintenance 
among  small  units  of  Government  has  resulted  in 
inefficient  use  of  road  machinery,  lack  of  financial 
ability  to  obtain  technical  direction  and  difficulty  in 
coordinating  highway  improvements  among  adjacent 
governmental  units.  The  interchange  of  traffic  be- 
tween township,  county,  and  trunk-line  systems  and 
city  streets  produces  a  situation  which  requires  the 
highest  type  of  cooperation  among  administrative 
forces  representing  each  system  if  efficient  results  are 
to  be  obtained. 

Organization  for  the  use  of  mass-production  methods 
on  secondary  highwaj^s  has  taken  various  forms.  In 
1931  the  Department  of  Highways  of  Penns^dvania 
assumed  direct  responsibility  for  more  than  20,000 
miles  of  secondary  higliway.  Michigan  legislation  in 
the  same  year  provided  for  gradual  absorption  of  all 
township  highways  by  the  counties,  with  a  financial 
grant  to  the  counties  from  .State  highway  funds,  and 
with  a  measure  of  supervision  of  their  expenditure  by 
the  liighway  department.  North  Carolina  has  placed 
all  highways  of  the  State  under  direct  control  of  her 
highway  commission.  Virginia  has  made  provision  for 
the  absorption  of  county  highways  by  the  State,  effec- 
tive July   1,    1932.     A  recommendation   that  county 
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SUMMARY 

Of  the  85,080  miles  of  rural  highways  in  IMichigaii,  the 
trunk-iinc  roads  includo  7,(391  miles  (exclusive  of  sec- 
tions within  incorporated  areas),  the  county  roads  17,175 
miles,  and  the  township  roads  (i0,214  miles.  The  aver- 
age traffic,  in  vehicle-miles  per  day,  on  these  various  sys- 
tems, is  as  follows:  Trunk-line  roads,  8,804,656;  county 
roads,  3,264,107;  township  roads,  1,327,801;  all  riiral 
roads,  13,396,564.  The  average  density  of  traflic  on  the 
trunk-line  roads  was  found  to  be  1,144  vehicles  per  day; 
on  the  county  roads  190  vehicles  per  day;  and  on  the 
township  roads  22  vehicles  per  day.  About  14  per  cent 
of  the  township  mileage  carries  an  average  traffic  of  5 
vehicles  per  day  or  less,  and  25  per  cent  carries  10  vehi- 
cles or  less. 

Of  the  traffic  on  township  roads,  60  per  cent  originates 
within  the  local  township  and  only  18  per  cent  originates 
outside  the  county.  Of  the  traffic  on  county  roads,  70 
l)er  cent  originates  inside  the  county  and  30  per  cent  out- 
side. Sixty  per  cent  of  the  traffic  on  the  trunk-line  roads 
comes  from  outside  the  local  county. 

Approximately  one-half  of  the  traflic  in  the  State, 
about  13,000,000  vehicle-miles  per  day,  is  on  city  streets. 
Of  this  total  69  per  cent  is  local  and  31  per  cent  nonlocal. 

City  streets  are  used  b}'  vehicles  of  rural  origin  to  about 
the  same  extent  as  the  township  and  count}'  roads  are 
used  by  vehicles  of  urban  origin.  The  use  of  the  trunk- 
line  roads  by  urban  and  rural  residents  is  api)roximately 
in  ])roportion  to  the  ratio  of  urban  to  rural  population. 

Expenditures  on  the  various  classes  of  highway  in 
1930-1931,  expressed  in  terms  of  cents  per  vehicle-mile 
of  traffic,  were  as  follows:  City  streets,  0.78  cent;  trunk- 
line  roads,  1.05  cents;  county  roads,  2.37  cents;  town- 
ship roads,  1.29  cents. 


highways  be  taken  over  by 
the  State  has  been  made  to 
the  Governor  of  New  York 
by  aconnnission  appointed 
to  study  the  matter.  Coun- 
ties have  taken  over  the 
entire  township  mileage  in 
Iowa,  and  in  Illinois  town- 
shii)  highway  organiza- 
tions are  under  the  juris- 
diction of  the  county  su- 
perintendents of  highways. 
These  administrative 
changes  have  resultant 
financial  problems,  the 
sound  solution  of  which 
rests  fundanientall}'  upon 
the  relative  amounts  and 
character  of  the  traffic  on 
the  various  classes  of  high- 
way. Mutual  demands 
for  assistance  among  the 
various  governmental  units 
and  confficting  opinions  as 
to  the  amount  of  traffic 
interchanged  rest  at  pre- 
sent upon  hypothesis,  or 
at  best  upon  very  frag- 
mentary data.  The  rela- 
tive responsibilit}^  of  the 
several  governmental  units 
for  the  construction  and 
maintenance  of  all  of  the  highways  within  the  State 
may  be  stated  on  the  basis  of  facts  obtained  in  ex- 
tensive traffic  surveys. 

The  Michigan  transport  survey  is  the  first  in  w  hiili 
the  traffic  on  all  these  highway  systems — city  streets, 
trunk  lines,  count}^  highways,  and  townshij)  roads — has 
been  simultaneously  studied.  Traffic  of  local  and  of 
nonlocal  cars  on  each  of  these  highway  systems  was  ob- 
served at  over  1 ,000  points  covering  approxijuately  4,000 
sections  of  highway  throughout  a  full  year.  In  studAdng 
a  township  tlie  use  of  trunk-Une,  county,  and  township 
roads  of  the  township  by  cars  owned  within  and  outside 
of  the  township  was  obtained.  In  the  case  of  the  coiinly, 
traffic  use  of  the  county  and  trunk-line  S3^stems  by 
owners  within  atul  without  the  county  was  obtained. 
Data  as  to  use  of  city  streets  by  local  and  nonlocal 
traffic  were  gathered  at  more  than  400  points  within 
the  seven  cities  of  Detroit,  Grand  Rapids,  Flint,  Lansing, 
Jackson,  Ann  Arbor,  and  Niles. 

The  prijuary  objective  of  the  survey  was  to  obtain 
data  indicative  of  the  character  and  amount  of  use  of 
the  township,  county,  and  trunk-line  highwa\^s,  antl 
city  streets. 

A  secondary  objective  was  to  obtain  information  on 
the  tourist  traffic  in  Michigan,  its  origin,  the  number  of 
tourists  and  tourist  cars,  the  length  of  stay,  the  mileage 
traveled,  the  types  of  acconnuodntion  used  by  tomists, 
and  the  value  of  tourist  traffic  to  the  State.  It  was 
also  desired  to  determine  the  volume  of  cit\^  traffic  diir- 
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Figure  1.— Location  of  Traffic  Stations  in  Southern  Peninsula 


ing  peak  hours  of  travel,  total  street  wdths,  effective 
street  widths  after  making  deductions  tor  parked 
vehicles,  safety  zones  and  other  obstructions,  an.,  the 
presence  of  street-car  tracks. 


The  material  relating  to  tourist  traffic  appears 
separately  in  this  issue  (see  p.  197).  The  detailed 
study  of  city  traffic  is  omitted  from  this  report  because 
of  lack  of  space. 
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SELECTION    AND    OPERATION    OF    TKAFFIC   StUVEY    STATIONS 

Within  the  State  of  Michigan  at  the  start  of  the 
survey  were  approximately  00,000  miles  of  townshi]) 
road,  17,000  miles  of  county  highway,  8,000  miles  of 
trunk  Ime,  and  many  thousand  miles  of  city  streets. 
The  entire  township  road  mileage  was  imder  the  juris- 
diction of  1,269  township  units,  while  83  counties  ad- 
ministered their  respective  road  systems,  and  the  State 
highway  department  constructed  and  maintained  all 
trunk-line  highways. 

It  was  impractical  to  operate  traflic  survey  stations 
upon  each  mile,  or  even  upon  each  section  of  this 
mileage.  The  townships  were  classified  into  79  homo- 
geneous groups  according  to  the  road  mileage,  types  of 
roads,  assessed  valuation,  and  population.  An  aver- 
age towaiship  within  each  group  was  selected  as  re])re- 
sentative  of  the  group  and  traffic  stations  were  dis- 
tributed within  each  such  sample  township  so  as  to 
obtain  adequate  traffic  data  with  respect  to  all  classifi- 
cations of  highway,  as  well  as  all  volumes  of  traflic. 
Stations  were  established  at  typical  intersections  of  two 
towTiship  roads;  a  county  road  and  a  township  road; 
two  county  roads;  a  trunk-line  route  with  either  a 
to'WTiship  or  a  county  road;  and  at  such  additional 
points  as  to  cover  each  route  of  travel  within  the 
township. 

In  each  of  the  cities  traffic  survey  stations  were 
located  at  intersections  where  the  data  obtained  would 
be  representative  of  the  traffic  within  the  area.  In 
general,  these  were  located  upon  a  cordon  circum- 
scribing the  city,  located  at  or  near  the  city  hmits  and 
controlUng  all  of  the  major  traffic  routes.  In  addition, 
other  stations  were  located  within  the  interior  of  the 
city  to  obtain  an  accurate  sample  of  all  traffic  move- 
ments within  the  area.  These  points  were  selected 
with  the  assistance  of  the  city  engineer  or  traffic 
engineer  of  the  particular  city.  In  the  city  of  Detroit 
the  stations  adopted  by  the  Rapid  Transit  Commission 
in  their  study  of  veMcular  traffic  and  reported  in  1930 
were  used. 

A  fist  of  the  townsliips  comprising  each  group,  with 
the  "sample"  township  indicated,  has  been  prepared  in 
mimeograph  form  and  may  be  obtained  on  request 
addressed  to  the  Bureau  of  Public  Roads.  The  location 
of  the  city  stations  is  dealt  with  in  the  section  of  the 
report  concerned  with  city  traffic. 

The  information  of  major  importance  obtained  at 
survey  stations  had  reference  to  the  origin  of  each 
vehicle.  On  all  township  roads,  county  roads,  and 
trunk-hne  routes  separately,  each  vehicle  was  placed  in 
one  of  the  following  classes:  Truck  up  to  and  including 
1%  tons,  truck  over  1}^  tons,  passenger  car,  l)us,  or 
trailer.  Each  type  of  vehicle  was  further  classified  as 
to  whether  the  owner  fived  within  the  township  in 
which  the  survey  station  was  located.  If  ownership 
was  not  in  the  township,  the  vehicle  was  classified  either 
as  owned  ^\ithin  the  county  in  which  the  station  was 
located,  elsewhere  in  the  State  of  Michigan,  or  as  a 
vehicle  from  outside  the  State.  The  "township," 
"county,"  and  "State"  vehicles,  as  defined  in  the  forego- 
ing, were  further  subdivided  into  those  of  urban  owner- 
ship and  those  of  rural  ownership.  Foreign  vehicles 
were  Hsted  without  regard  to  urban  or  rural  ownership. 

Collection  of  these  data  necessitated  the  stopping  of 
all  vehicles  for  questioning,  or  upon  routes  where  traflic 
was  too  heavy  to  permit  the  stopping  of  vehicles,  the 
taking  of  a  complete  density  count  of  vehicles  and  a  list 
of  all  registration  tag  numbers.     These  numbers  were 


classified  by  means  of  the  Michigan  Department  of 
State  records  showing  residence  of  each  licensee.  The 
method  of  classillcation  of  vehicles  at  such  stations  was 
identical  with  that  at  the  stations  where  it  was  possible 
to  stop  traffic.  In  all  cases  where  it  was  impracticable 
to  stop  cars,  a  minimum  of  approximately^  2,000  license 
tag  numbers  was  secured  during  a  10-hour  i)eriod  and 
the  results  apjilicd  to  the  comj)lete  density  count  of 
vehicles  over  the  same  period.  There  resulted  a 
minimum  classification  b}'  means  of  tag  numbers  of 
20  per  cent  of  all  vehicles  passing  the  station  and  a  100 
per  cent  classification  at  all  but  the  heaviest  traflic 
stations. 

At  the  survey  stations  located  within  the  cities 
vehicles  were  classified  by  means  of  the  tag  numbers  as 
described  above.  The  classification  of  vehicles  was 
less  elaborate  at  these  stations,  cars  being  separated 
into  "city  "  and  "noncity  "  classifications.  A  " city  "  or 
"local"  car  was  dcfuied  as  one  owned  within  the  city 
where  the  station  was  located,  all  other  cars  were  classi- 
fied as  "noncity"  or  "nonlocal."  In  addition,  traffic 
during  the  peak  hour  of  travel  was  tallied  separately  at 
all  city  stations,  and  data  were  obtained  for  each  adja- 
cent street  with  regard  to  actual  street  width,  effective 
street  width,  width  of  parking  space,  number  of  traffic 
lanes,  street-car  tracks,  traffic  lights,  and  other  perti- 
nent data  about  the  intersection  as  related  to  traflic 
movement. 

VOLUME  AND  ORIGIN  OF  TRAFFIC  ON  THE  DIFFERENT  CLASSES  OF 
RURAL    ROUTES 

The  location  of  the  survey  stations  upon  the  rural 
routes  of  the  southern  peninsula  is  shown  in  Figure  1. 
Limitations  in  the  size  of  the  publication  and  the  vast 
mileage  of  rural  highway,  totaling  approximately  85,000 
miles,  prohibit  the  presentation  of  all  of  the  rural  roaa 
mileage.  The  maps  show  the  location  of  the  townships 
selected  for  intensive  traffic  analysis,  the  ap])roximate 
location  of  the  township  stations  \v'ithin  each  such  sam- 
ple township,  and  the  location  of  all  stations  upon  the 
trunk-line  routes.  The  number  of  all  classes  of  vehicles 
observed  during  the  period  July,  1930,  to  July,  1931, 
upon  the  rural  highways  totaled  nearly  12,000,000. 
Upon  city  streets  more  than  19,000,000  cars  were 
counted  and  classified. 

Figure  2  shows  the  flow  of  motor  vehicles  upon  all 
trunk-line  routes  represented  to  scale.  The  data 
include  average  daily  24-hour  traffic  throughout  the 
year  and,  in  broken  fine,  the  average  maximum  daily 
traffic. 

There  is  considerable  montlily  variation  in  traflic  from 
the  average  monthly  traflic  of  all  types  of  vehicles. 
The  traffic  ranged  from  64  per  cent  of  the  average  in 
January  to  148  per  cent  in  August.  The  variation  was 
greater  for  passenger  cars — from  01  to  153  per  cent — 
than  for  light  trucks,  with  79  per  cent  in  January  and 
131  per  cent  in  October.  Bus  traffic  was  more  stable 
than  that  of  any  other  type  of  veliicle,  varying  from 
92  per  cent  in  February  to  114  per  cent  in  October. 
Between  local  highways  and  trunk-line  routes  the 
differences  in  the  range  were  small.  The  lightest 
volume  of  traffic  on  the  trunk  lines  was  in  January, 
and  in  February  on  both  county  and  township  high- 
ways. On  the  respective  systems  the  percentages  were 
63,  69,  and  65  of  the  average  monthly  traffic.  The 
liigh  month  on  each  system  was  August  with  148  per 
cent  for  the  trunk  lines,  and  150  and  144  per  cent  for 
county  and  township  highways,  respectively.     There 
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Figure  2.— Average  Daily    Traffic    on    Michigan    Trunk  Line  Highways,  1930-31 
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was  great  siinilaiit}-  in  variation  by  days  of  the  week  on 
all  three  systems,  Sunday  being  the  heaviest  day,  with 
about  140  per  cent  of  the  average  daily  trallic. 

Daily  traffic  averages  within  each  sample  township 
for  each  type  of  highway — township  road  iniproved 
and  unimproved,  county  highways  improved  and  un- 
improved, and  trunk-line  routes — separated  by  origin 
of  the  vehicle  (within  the  township,  within  the  county, 
within  the  State,  and  foreign)  and  for  each  t3-pe  of 
vehicle  (passenger  cars,  trucks  up  to  and  including 
IK  tons,  trucks  over  1%  tons,  trailers,  and  l)usscs; 
were  obtained  from  the  station  observations  extending 

Table  1. — Avci-age  daily  vehicle-miles  on  township,  county  and  trim 

county,  or 


throughout  the  year.     These  data   tabulated  without 
separation    by    place    of   origin,    nui}"    be    obtained    in 
mimeograph  foini  from  the  Bureau  of  J'ublic  Koads. 
The  traffic  averages  so  obtained  were  applied  to  the 
total  mileage  of  each  type  of  highway  in  the  corres- 
ponding   township    groups,    resulting    in    an    average 
daily   vehicle-mileage   by  origin  of  vehicles  upon   the 
I  several     j)olitical     classes    of    highway.     These     daily 
I  vehicle-miles   aiul  the  mileages  of  the  several  classes 
of  highway  within  the  township  groups  are  tabulated 
in  Table   1.     The  ligures  are  sumnuirized  and  corres- 
I  ponding  peirenlages  given  in  Tal)le  2.  ; 

k-line  highways  of  township  groups,  classified  according  to  township, 
other  origin 


Group  of  townships  represented  by- 


Township 


Ewing.. , 

Colfax , 

Wilson,  J3ay  de  Xoc. 

Elk- 

Gourley 

Logan 

Maple  Ridge 

James 

Friendship _. 

Whitney 

Mount  Forest 

Flynn 

Montrose. 


Hinton. 

Columbia 

Riley 

Fulton 

Carlson,  Hudson... 

Secord 

Franklin 

Southbranch 

Elmer,  Manistique. 

Warner 

Lake... 

Briley 

Forest 

Arvon 

Hatton 

Reno..- 

Middle  Branch 

Gustin 

Greenland 

Pleasanton,  Bates.. 
Dafter,  Springville.. 

Norway 

Palmyra 

Saint  Charles 

Martiney 

Empiie 

Mattison 

Almena 

Riverside 

Mount  Haley 

Pierson 

Barry _ 

Athens 

Pokagon 

Rush 

Ionia - 

Springport-- 

Fenton 

Saline 


De  Witt 

Farmington... 

Clyde 

Moscow 

Goodland 

GarQeld 

Grand  Haven. 

Danby 

Burr  Oak 

Ashland 

Martin 

Fairgrove 

Bridgeport 

Independence. 

Handy 

Wlnsor.. 

Byron 

Delhi 

Muskegon 


County 


Marquette .-_ 

Oceana 

Kalkaska,  Delta 

Lake ._ 

Menominee 

M  ason 

Alpena 

Saginaw 

Emmet _ 

Arenac 

Bay 

Sanilac 

Genesee __. 

Hillsdale 

Mecosta 

Van  Bureu 

Clinton 

Gratiot 

Gogebic,  Mackinac. 

Gladwin. 

Houghton 

Crawford 

Oscoda,  Schoolcraft. 

Antrim 

Roscommon. 

Montmorency 

Cheboygan... 

Baraga.. 

Clare 

Iosco 

Osceola 

Alcona 

Ontonagon 

Manistee,  Iron. 

Chippewa,  Wexford. 

Dickinson 

Lenawee 

Saginaw 

Mecosta. 

Leelanau 

Branch 

Van  Buren 

Missaukee 

Midland 

Montcalm 

Barry. 

Calhoun 

Cass 

Shiawassee.. 

Ionia 

Jackson 

Genesee 

Washtenaw.- 

Van  Buren 

Clinton _ 

Oakland.. 

Saint  Clair 

HUlsdale 

Lapeer... 

Grand  Traverse 

Ottawa.. 

Ionia 

St.  Joseph 

Newaygo.- 

Allegan 

Tuscola 

Saginaw 

Oakland 

Livingston 

Huron 

Kent 

Ingham 

Muskegon 


Town- 
ship 
roads 

in 
group 


Miles 
251.0 
311.1 
710.  S 
738.4 

uyy.  6 

854.0 
595.  1 
44H.  » 
787.3 
830.8 
y74.5 
1,107.4 
1,120.1 

yyi.2 

010.0 

780.4 

1,  253.  3 

1,231.1 

743.  4 

841.5 

7y2.  ( 

485.4 

700.  0 

830.  1 

622.  0 

700.8 

707.4 

850.5 

5y4 

815.  0 

1.077.1 

682.1 

881.0 

824.2 

635.1 

1,  478.  5 

780.  y 

500.  1 

751.0 

IV 

1,110.0 

1,100.1 

1,033.1 

1, 000.  0 

833.  1 
y64.0 

1,014.5 
1,140.0 
973.  0 
y32.  1 
788.3 
827.  y 
y05.  5 
700.8 
897.  2 
007.1 
870.  0 
y56, 
654.  0 
740, 
1,453.0 

834.  5 

y3y.  4 

873.5 

yoy. 

780.6 
868.  6 
665.  3 
052.  3 
077.  0 
665.  6 
504. 1 
440.0 


Travel  on  township 
roads  from — 


Town- 
ship 


Vthicle 

miles 

y,  030 

1,822 

7, 040 

5,  581 
7,  095 
3,322 
5,115 
8,702 
1,57 
3,34 

6,  822 
4,  790 

22,  522 
10,  702 
3,610 

7,  443 

18,  800 
13, 104 

4,835 
y,  251 
11,889 
485 
2,  120 
0,  689 
3,113 
9,130 
1,415 

4.  919 
2,974 
7,343 
4,840 
4,775 

12,  334 

7,  408 
3, 342 

22, 178 
11,284 

5,  y62 
5,178 

2.  yy2 

12,210 
10.  .501 
5,821 

10,  606 
12,477 
18,327 
10, 145 
19, 380 

13,  738 
16,  066 

11,  129 
37, 150 
19,310 
13,  401 

22,  2oy 

24,  154 
6,418 

8,  y27 
7,372 

21,237 

23,  067 
13,414 

13.  008 
11,874 
26,  II" 
10,  025 

y,  878 
y,  248 
13,072 

19,  7(;0 
21,483 

14,  726 
y,  210 


County 


Vehicle 
miles 

251 
1,505 
1,600 
1,500 
3, 407 
1,350 
1,988 
7,352 

78" 

83' 
5,84: 
3,  592 
7,883 
6,  898 

934 
1,573 
8,773 

2,  33(i 
1,020 
5, 890 

10,  304 

485 

70' 

836 

1,245 

1.522 

0 

4,157 

3,  568 
2,448 

2,  331 
1,364 

881 
5,450 

635 
2,957 
6,848 
2,414 
2,756 
1,314 
6,  660 
6,000 
1,251 
4,516 

3,  260 
3,  858 
3, 044 

10,  260 
2,  948 


4,  749 
3,200 
7,  762 
5,793 
3,057 
3,775 
4,228 
5,050 

5,  101 
2,788 
4,615 
2,  906 
4,173 
5, 438 
1,  582 

5,  098 
3,357 
6,975 
4,  057 
1,868 
7,105 

6,  974 
8,270 

440 


Total - 60,214.0   803,814    279,104    244,823  17,175.4  1,273,722   094,407   995,918  7,690.9  1,442,218  2,044,974  5,317,404 


Other' 


Vehicle- 
miles 
1,757 
1,627 
772 
6,705 
699 

1,  5yy 

6y7 

44y 

78' 

3,34 

4,872 

1,19 

3,378 

3,965 

934 

3,942 

5,013 

1,784 

1,020 

7,574 

793 

485 

70' 

2,508 

623 

5,326 

1,415 

1,606 

1,784 

3,204 

1,078 

682 

881 

1,250 

635 

1,478 

1,845 

1,132 

2,  088 
2.032 
4,440 

7,  080 
1,907 
3,181 

22,  004 
10,  821 
2,  029 
5,700 
1,473 
2,234 

5,  565 
7,240 
4,828 
2,  554 

14,862 
13,020 
880 
2,  550 
3,277 
4, 980 

8,  184 

6,  250 
2,249 
3,163 
4,286 
1,  289 

1,  737 
1,996 
2,801 

2,  165 

3,  407 
1,505 

440 


County 
roads 


group 


Miles 
3. 
1.4 

02.9 
104. 
157. 
170. 
158.  6 
133.3 
211.4 
173.3 
303.1 
388.3 
617.9 
510.  0 
180.4 
220.  0 
532.1 
500.2 

50.  6 

32.3 

49.  2 

95. 

98. 
124.7 

89.8 
115.0 
110.9 
103.  1 
131.7 
142.  9 
166.  8 
138.1 
200.6 
199.  3 
249.  7 
407.4 
280.3 
125.2 
120.4 
163.6 
261.0 
223, 
203.  8 
270.8 

3yy.  4 

309.  7 

287.5 

209.  2 

379, 

340.5 

253. 

349.  2 
292.  5 

350.  1 
323.  0 
423. 
223.5 
180. 
238.  0 
195.  1 
315.4 
258.  1 
271.4 
276.4 
314.8 
206, 
276.  5 
233.  8 
270.3 
314.6 
279.  6 
296.  3 
420.  6 


Travel  on  county  roads 
from— 


Town- 
ship 


Vehicle- 
miles 
25( 
lOi 
92i 
1,24) 
3,61( 
2,462 
6,02 
9,  064 

2,  53 
3,57, 

27,  582 
17,08 
42,  635 
44, 892 

6,  710 
11,939 
20,  220 
31,801 
4,351 
2,358 

3,  592 

y; 

3, 65y 
748 
1,25 
2. 070 
6,  408 
1,650 

1,  185 

2,  429 
2,  335 

2,  072 
38,716 

6,378 
14,483 
10,  .592 
23,  265 

6,  880 
2, 049 

4,  090 
0,  003 

20,  940 
4,484 

5,  958 
8,787 

2.5,  V  05 
I2,0i5 
8,070 
20,  884 
01,  594 
14,461 
60,  062 

28,  958 
2; ,  308 
23,  250 
59,  2yo 

3,  800 

7,  568 

8,  800 
31,606 

105,559 
11,873 
16,013 
14,373 
41,230 
16,  123 
16,590 
18,  470 
21,354 
35,  224 
45,  5.50 
25,  778i 
61,828| 


County 


Vehicle 

miles 

200 

80 

895 

43 

1,415 

3,580 

14,274 

32,  259 

8,  879 

1,36 

17,580 

18,250 

64, 880 

20,  832 

3,728 

12,858 

17,  559 

27,  336 

3,  397 

1,841 

2,804 

100 

989 

1,  496 
718 
230 

2,  694 
1,540 
2,766 

857 
2,502 
652 
0,219 
10, 962 
26,468 
2,  852 
72,  ,598 
13,  772 
3,012 
4.254 
JO,  179 
5,  7y7 
2,038 
3,250 
10,384 
11,760 

5,  .50 
6,461 

18,085 

30,  645 

8,880 

40,  237 

8,  lyo 

19,  2,56 
16,790 
61,408 

6,  258 
8,  289 
0,  188 

10,  .30 

33, 132 

15,744 

9, 499 

3,593 

8,  185 

10.542 

37,  604 

19,  172 

22,  165 

32,  708 

44,  712 

36, 14y 

6,047 


Other  ' 


Vehicle- 
miles 
203 
81 
580 
1,188 
314 
1,588 
0,510 
3,732 
5,285 
1,534 
13,  943 
20,  192 
46,  960 
28,  380 
8,701 
10,  746 
18,  091 
43,  027 
3,457 
1,873 
2,  851 
476 
092 
2,120 
1,970 
230 
4,383 
619 
1,31 
1,143 
1,334 
276 
4,614 
3,388 

12,  235 
815 

28,310 
15,650 

2,  528 
9,  816 
8,091 

18,  484 
2,242 

3,  791 
8,787 

37,  783 
7,475 
9,  960 
7, 074 

36,  774 

13,  700 
36,  666 
18, 428 
21,000 
51,034 

158,  812 
1,341 
11,172 
12,37(; 
15,023 

38,  470 
17,  035 
10,042 

6,634 
17,314 

6, 408 
14,031 
12,625 
11,082 
13,  838 
31,303 

8,  206 

3,785 


Trunk 
line 
roads 

in 
group 


Miles 

0. 

5.3 

0. 
18.2 

0. 
22.9 

1.0 

4 

0 


18. 
17. 
10. 
20. 

(i.  y 

4. 

y.3 

22.4 

343.6 

140.  1 

137.6 

156.3 

115.0 

172.  6 

12 

185.1 

103 

150.0 

135.8 

147.6 

137.4 

154 

154.6 

154.1 

100.7 

237.2 

112.0 

139.  3 

79.5 
128.  3 
145.6 
145.8 
122.  1 
114.8 
135.  0 
137.1 
132.3 
186.3 
117.4 
141.1 
139.6 
122.8 
100.  2 
172.4 
163.0 
163.4 
106.5 

83.6 

79.6 
105.2 
169.2 
104.0 

09.  3 
118.5 

76.  6 

yy.  2 

108.3 

138, 

100.3 

115.4 

123.6 

133.4 

125.4 


Travel  on  trunk-line  roads 
from— 


Town- 
ship 


Vehicle- 
miles 


200 


710 

184 

736 

1,214 

55 

6,450 

1,858 

635 

5,584 

1,270 

8(i6 

484 

1,049 

8,  690 
3,  728 

26,  00(i 
2,032 

24,  726 
10,011 

4,335 
15.363 
19,  708 
11,491 

1 ,  080 

27,  168 

3,  84' 
7,570 

10, 040 

9,  708 
11,782 

251,906 

12,  836 

10,687 

1, 102 

4,  106 
6,  533 

5!  372 
2, 066 

12,  420 
16,  863 
10,051 
13,600 

10,  oiy 

79,016 
9,  353 
78, 838 
21,627 
27,  929 

27,  yyy 

89,  707 
5,644 
5,434 
2, 866 
60,  806 
68,  205 

5,  200 
7, '-46 

24,  630 
16, 163 

13,  690 
15,920 
17, 199 
23,173 
31,850 

8,  776 
71,636 
136,  310 


County 


Vehicle- 
miles 


382 


2,931 

200 

1,  040 

1,716 

78 

8,  309 

2,683 

10,66 

3, 9.50 

1,  704 

1,  222 

2,  04  ( 
3,684 

10,  308 

8,  797 

135,  261 

2,188 

1,5.  066 
5,  868 
5,  355 
4,072 

16,  560 
5,  005 

14,123 
38,  376 

8,510 
12,660 

0, 048 
32,  053 

7,865 
96. 778 
76,  230 
22,288 

7,  960 

3,336 

8,736 
22,8yi 

3, 175 

4,822 
10, 170 
21,  388 
31,752 
56,  263 
59,  404 
31,606 

8,655 
112,485 
36,  885 
36,  514 
49,  672 
66,  014 
30.  140 
10,  228 

5,  890 
10,  778 
38,yi6 
34, 736 
27,  010 
17,894 

17,  924 
12,890 

134,  400 
06,  853 
16,476 
30,  696 
133,982 
247,  867 
44, 042 


Other  1 


Vehicle- 
miles 


3,  583 


610 


5,725 
670 
2,704 
4,462 
203 
24,402 

3,  040 
20,  206 

4,  030 
4,664 
3,177 
6,017 
3,942 

52, 914 
14,910 

33,  987 
22,  820 
25,  760 
45,  566 
28,815 
12,587 
39.  744 

3. 192 
52,410 
yy,  778 
24, 182 
21,470 
20, 716 
48.  690 

9,  264 
91,085 
131,856 
22, 149 
12,104 

7,  698 
19, 947 

34,  992 
14,662 
12,398 

167,080 

74,  034 

27,  386 
153,884 

72,  084 
101.874 

22,476 

64,470 
232, 931 

32,411 
302,  634 
754,  908 

16,  294 
168,621 

47,282 

97,  100 
101,027 
228,  384 
147,  163 

97,  881 
109,  232 

15,  178 
209,  992 
266, 443 
276,  001 

20,  310 
157,090 
15,5,  278 

05,459 


1  Includes  vehicles  classified  as  "State"  and  "Foreign." 
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Table  2. — Traffic  upon  township,  county,  and  trunk-line  highway 
systems  originating  within  the  township,  within  the  county,  or 
elsewhere 


Road  type 

Origin 

Daily 
vehicle- 
miles 

Percent- 
age of 
total 

Percent- 
age of 
total 
traffic 

on  rural 
roads 

Township  road 

(Township 

■(Countv 

803, 814 
279, 164 
244,  823 

00.5 
21.0 
18.5 

\         9.9 

lother  1      .      .      - 

I 

[Township 

1,327,801 

100.0 

1,  273,  722 
994,  407 
'.m.  918 

39.0 
30.5 
30.5 

1 

Countv  road... 

<Countv 

24.4 

[other  i         .  .  .  _ 

1 

(Township 

3,  204,  107 

100.0 

1,442,218 
2,  044,  974 
5,  317,  404 

10.4 
23.2 
00.4 

1 

Trunk  line 

<  County 

\        05.7 

[Other  1 

8,  804,  050 

100.0 

Total  rural  roads 

13,390,504 

100.  0 

1  Includes  vehicles  from  outside  the  State  of  Michigan. 

Traffic  on  rural  roac^s  totals  13,400,000  vehicle-miles 
per  day.  Sixty-six  per  cent  of  this  tr.affic  is  carried  by 
the  trunk-line  routes,  which  constitute  9  per  cent  of 
the  rural  mileage;  24  per  cent  of  the  traffic  is  carried 
by  the  county  roads,  which  are  20  per  cent  of  the  rural 
mileage.  The  township  highwaj^s  carry  but  10  per 
cent  of  the  rural  road  traffic,  although  the  mileage  of 
township  roads  is  71  per  cent  of  all  rural  mileage.  The 
distribution  of  traffic  by  origin  of  vehicles  varies 
widely  between  the  three  highway  systems.  Upon  the 
township  roads  more  than  60  per  cent  of  the  traffic 
originates  within  the  local  township  and  more  than  81 
per  cent  within  the  local  county,  while  upon  trunk-line 
routes  more  than  SO  per  cent  of  the  traflic  originates  at 
points  outside  the  township  in  which  the  station  is 
located,  and  more  than  GO  per  cent  at  points  outside 
the  county.  Traffic  volumes  per  day  averaged  22 
vehicles  upon  the  township  roads,  190  vehicles  on 
county  roads  and  1,144  vehicles  upon  the  trunk-line 
routes. 

Township  roads  are  a  relatively  small  factor  in  the 
total  traflic  movement,  producing  but  one-tenth 
of  the  total  vehicle-miles,  with  more  than  GO  per  cent 
of  the  township  road  usage  originating  within  the 
township. 

USE  OF  RURAL  ROADS  BY  MICHIGAN  VEHICLES  OF  CITY  AND  RURAL 
OWNERSHIP 

It  will  be  recalled  that  cars  originating  at  points  out- 
side Michigan  were  classified  by  field  recorders  simply 
as  "foreign"  without  separation  into  vehicles  of  city  or 
rural  ownership.  All  cars  bearing  Michigan  tags  were 
classified  with  respect  to  city  or  rural  ownership. 

Using  the  method  previously  described  for  obtaining 
traffic  volumes  by  unit  of  origin,  data  for  Michigan 
vehicles  divided  between  cars  owned  within  the  cities 
and  those  rurally  owned  are  tabulated  in  Table  3. 
These  data  are  further  condensed  for  convenience  in 
Table  4. 

Two-thu'ds  of  the  iisage  of  township  roads  is  by  cars 
owned  rurally,  and  this  ratio  declines  to  44  per  cent 
upon  county  roads  and  to  19  per  cent  upon  the  trunk- 
line  system.  City-owned  cars  produce  nearly  70  per 
cent  of  the  traffic  upon  the  rural  highway  system,  and 
nearly  75  per  cent  of  their  travel  is  upon  the  trunk-line 
system. 

Approximately  5  per  cent  of  the  travel  of  city-owned 
cars  is  upon  the  township  road  system.     But  a  smaU 


portion  of  the  average  trip  of  a  city-owned  car  is  over 
the  township  roads,  and  the  use  of  county  highways  by 
the  city  dweller  is  about  four  tmies  as  great  as  his  use 
of  the  township  roads. 

USE   OF   RURAL   HIGHWAYS   BY   FOREIGN   TRAFFIC 

Alotor  vehicles  from  States  other  than  Michigan  use 
the  trunk-line  routes  of  the  rural  liighways  almost  exclu- 
sively. Foreign  veliicles  produce  a  total  of  1,115,752 
vehicle-miles  per  day  upon  the  rural  highway  systems. 
Nearly  86  per  cent  of  all  foreign  traffic  is  carried  by  the 
trunk-line  system,  and  approximately  one  per  cent  of 
the  foreign  traffic  is  carried  by  the  township  roads  of 
Micliigan.     Detailed  figures  arc  presented  in  Table  5. 

Slightly  over  8  per  cent  of  all  travel  upon  the  rural 
liighways  is  by  foreign  vehicles.  They  constitute  10.8 
per  cent  of  the  use  on  trunk  lines,  4.5  per  cent  upon  the 
county  highways,  and  1.1  per  cent  on  township  roads. 

LOCAL  AND   NONLOCAL   TRAFFIC  ON   CITY   STREETS 

The  total  use  of  city  streets,  expressed  in  vehicle- 
miles,  was  developed  from  the  figures  of  gasoline  con- 
sumption of  the  State.  These  figures  indicate  a  total 
consumption  of  725,386,562  gallons  from  July  15,  1930, 
to  July  15,  1931,  the  dates  of  the  survey.  Replies  to 
more  than  5,000  questionnaires,  distributed  to  motor- 
ists tliroughout  the  State  during  the  period  of  the  sur- 
vey, in  connection  with  a  study  of  the  highway  finance 
of  the  State,  give  an  average  travel  of  13.4  miles  per 
gallon  for  all  types  of  vehicle.  Applying  this  average 
mileage  per  gallon  to  the  indicated  consumption  witliin 
Michigan  and  reducing  the  resulting  quantity  to  a 
daily  basis,  the  average  daily  travel  upon  all  rural  roads 
and  city  streets  is  26,600,000  vehicle-miles.  From  this 
figure  may  be  taken  the  average  daily  vehicle  mileage 
upon  rural  roads,  13,400,000,  leaving  an  average  daily 
use  of  city  streets  of  13,200,000  vehicle -miles. 

Traffic  in  each  city  is  composed  of  two  important 
elements — the  movement  of  vehicles  owned  within  the 
city,  or  local  traffic,  and  the  movement  of  vehicles 
owned  elsewhere,  or  nonlocal  traffic. 

In  order  to  effect  this  separation  of  city  traffic,  7 
cities  ranging  in  population  from  10,000  to  more  than 
1,500,000  were  selected  for  field  observation  and  classi- 
fication of  the  traffic  moving  within  them.  The  sample 
cities  were  Detroit,  Grand  Rapids,  Flint,  Lansing, 
Jackson,  Ann  Arbor,  and  NUes.  A  complete  statement 
of  detailed  methods  and  results  of  this  study  is  published 
in  an  appendix.  Briefly,  the  city  traffic  survey  involved 
a  selection  of  more  than  400  stations  at  which  license 
tag  numbers  were  recorded  and  later  classified  as  to 
residence  of  the  owners  by  reference  to  registration 
records.  In  the  determination  of  the  percentage  of 
local  use,  the  data  collected  on  through  streets  and  on 
local  streets  were  analyzed  separately.  The  per- 
centages of  local  and  nonlocal  use  in  each  city  were 
computed  separately  for  through  and  local  streets  and 
the  results  weighted  by  the  relative  mileages  of  each 
class  of  city  streets.     The  results  are  shown  in  Table  6. 

Examination  of  this  table  discloses  that  there  is  a 
uniform  increase  in  the  percentage  of  local  traffic  with 
increase  in  the  size  of  city,  both  on  through  and  non- 
through  streets;  that  the  percentage  of  local  traffic  on 
nonthrough  streets  is  considerably  in  excess  of  the  per- 
centage upon  through  streets  and  that  the  differentials, 
in  percentages  of  local  use,  between  through  and  non- 
through  streets  are  considerably  lessened  as  the  size  of 
the  city  increases. 
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Table  3. — Average  daily  vehicle-miles  on  township,  county,  and  trunk-line  roads  of  township  yroups  classified  according  to  rural  or  city 

origin 


Group  of  tovvnsliips  represented  by- 


Towuship 


K  wing. 

Colfax 

Wilson,  Bay  de  Noc. 

Elk 

Gourley 

Logan 

Maple  Ridgo 

Jamos 

Friendship 

W  hitney 

Mount  Forest 

Flynn... 

Montrose.. 

Reading 

Hinlon 

Columbia 

Riley 

Fulton 

Carlson,  Iludson 

Sccord 

Franklin... 

South  Branch 

Elmer,  Manistique... 

Warner 

Lake 

Briley.. 

Forest... 

.Arvon 

Hatton. 

Reno 

Middle  Branch 

Gustin 

Greenland 

Pleasanton,  Bates 

Dafter,  Springville... 

Norway 

Palmyra. 

Saint  Charles 

Martiney. 

Empire 

Matteson 

.\lmena 

Riverside 

Mount  Haley 

Pierson.. 

Barry 

.\thens.. 

Pokagon 

Rush 

Ionia 

Springport 

Fenton 

Saline 

B  angor. 

De  Witt 

Farmington 

Clyde 

Moscow 

Goodland 

Garfield 

Grand  Haven 

Danby 

Burr  Oak 

Ashland 

Martin 

Fairgrove 

Bridgeport 

Independence 

Handy 

Winsor 

Byron 

Delhi... 

Muskegon. 


Total. 


County 


Marquette 

Oceana 

Kalkaska,  Delta 

Lake 

Menominee 

Mason 

Alpena 

Saginaw 

Emmet 

Arenac 

Bay... 

Sanilac 

Genesee 

Hillsdale 

Mecosta 

Van  Buren 

Clinton 

Gratiot 

(iogebic,  JMackinac. 

Gladwin 

Houghton 

Crawford 

Oscoda,  Schoolcraft.. 

Antrim 

Roscommon 

Montmorency 

Cheboygan 

Baraga 

Clare. 

Iosco 

Osceola 

Alcona 

Ontonagon. 

Manistee,  Iron 

Chiiipewa,  Wexford. 

Dickhison 

Lenawee... 

Saginaw 

Mecosta 

Leelanau 

Branch 

\'an  Buren... 

Missaukee 

Midland 

Montcalm 

Barry 

Calhoun 

Cass. 


Shiawassee 

Ionia 

Jackson 

Genesee 

Washtenaw 

Van  Buren 

Clinton 

Oakland.. 

Saint  (Mair 

Hillsdale... 

Lapeer 

Grand  Traverse. 

Ottawa 

Ionia 

Saint  Joseph 

Newaygo 

Allegan 

Tuscola 

Saginaw 

Oakland 

Livingston 

Huron 

Kent .- 

Ingham 

Muskegon 


Township  roads 


Rural  origin 


Vehicle- 
miles 
10,  5-1 2 
3, 422 
'.),  211) 
ll.orti 
lU,4St2 
11),  21S 
10,  117 
10,  7'Ji 

1,  !}~^> 

4,  1S4 
it,  74;. 

5,  'Ml 

23,  (J49 
19, 824 

4,312 
(i,  291 
23,»13 

14,  773 
fl,  204 

12,022 

l.s,  230 

4S5 

2, 821) 

4^  itsl 
11,412 

2,  122 
14,45S 

4,  75S 
10,007 

0, 403 
5,457 
12,334 
11,539 
3.hll 

17,  742 
10,399 

0.  793 
0,  704 

3,  5.SS 
15,510 
20,  902 

5,  100 
13,  7NX 
15,829 
21,221 
10,  145 
21,000 
12,  057 
17,710 
11,824 
I3,24(i 
18,344 
13,094 

24,  224 

24,  2!-5 
8,  790 

11,478 
11,772 

15.  544 
15,983 

18,  359 
11,273 
12,  229 
31,  030 
14,051 
11,292 

8.  049 
13.040 
18.  279 

25,  293 
15,447 

4,840 


883,  801 


City  origin 


4,. 


Vehicle- 
miles 
251 

1,  O.'iO 
1,422 
3,  092 

700 

1,708 

3,  571 

5,847 

787 

2,510 

0,  822 

3,  .592 

10,135 

11,894 

1,232 

2,  359 
7,  520 
3, 093 

743 
10.098 

3,  9(;3 
485 
707 

1,072 
023 
.")05 
707 

4,  252 
2,971 
4, 080 
3,231 
1,304 

881 

8,242 

035 

7,  392 
0.  247 

3.  397 

L  435 
(i,  000 

8,  801 
2.  000 
4,212 

29,  158 

o!o87 
12,540 
2,921 

7,  457 

4.  730 
19,043 
10,020 

0,847 
10,  150 
17.  000 
4,  398 
2,870 

4,  578 
19,  985 
15,983 

7,510 

8,  455 
0.  988 
7.  758 
5,404 
0.  080 

5.  322 
3,914 
0.  093 
0,  050 

10.  0i94 
5.  720 


429,  387 


County  roads 


Triiiik-liiie  roads 


Rural  origin 


1  V/lR■(c- 
7/ii/c.v 
293 
117 
1,321 
1,885 
4, 873 
5,472 
14,433 
10,529 

0,  342 
3,  980 

28,  188 
24,  403 
47,  578 
47,987 
10.252 
14.  235 

34.  054 
43.  027 

4,975 
2,  090 
4,107 
190 
2,571 
2,743 
2,  1 55 

2,  300 
2,551 

1 ,  851i 
3,101 

3,  287 
3,  109 

2,  348 
44.. 533 

9,  700 
23,  222 

8.  148 
47.371 
10.010 

5.  057 

0,871 

7.  509 
14,. 304 

5,  700 

8,  395 
12,781 
41,810 
13,800 
10.  230 
28.478 
59.  928 
10.  237 
31.079 
20.910 
23.4,'-)7 
39.  729 
73.0.!- 8 

0,  258 
13,335 
13,090 
21,851 
53,018 
24. 003 
14.927 
13.207 
47.  220 
17.  1.50 

29.  309 
17.00,7 

35.  (i80 
42.  458 
04.308 
31.704 
27,  339 


('ilyorig:..   i... ;.,...,    L  ity  origin 


1,384.819 


\'ehiclc- 

iiiiles 

300 

140 

1,132 

1,017 

314 

2,  294 
10,970 
28.  200 

8,  007 

1,500 

30,310 

30,  (i7(i 
105,013 

44,  370 
8.  701 
25,  480 
22,  3 18 
57,  707 
0,  230 

3,  370 
5,  143 

470 

2,  070 
1,021 

i.oii; 

230 

1,885 

1,050 

1,970 

1,000 

3.002 

414 

4.012 

10, 104 

20,  718 

5,  704 

05.310 

25.  290 

3,492 

8,  507 

7.  .509 

12.740 

3,  057 

4,  004 
14.778 

31,  .W.) 
10,925 
11,037 
19,  305 
90,  702 
19,  535 

113,141 
27,  788 
30,  700 
49,  742 

197,  .351 
5, 140 
12,  974 
13, 8C4 
33,  3(i2 

110,705 
19,874 
18,  184 
10,  780 
10,084 
15,709 
39,  203 
30,  394 
18,110 
38,  0S4 
53.  404 
38,  223 
35,  330 


1,73.3.250 


\'ehicle- 
miles 


1,104 


528 


2, 450 
242 

833 
I,. 375 
02 
4.  329 
2,408 
4,  334 

4,  003 
1.437 

979 
1,707 
4,010 
20,010 
8,  797 
08, 387 
4,220 
15,870 
1.5, 189 
11,985 
20.301 
11,592 
8, 938 
7,741 
11,218 
0,870 
12,514 

18,  707 
l(i,  797 
10,  271 

12(;,004 

31,753 

11,840 

7.  070 

5.  132 
10,483 
14, 143 

7,  082 
5,970 
24,  7C5 
37,  702 
21,433 
22,  729 
30,51! 
40,  072 
12,983 
37,  080 
28,  990 
10,  895 
53, 850 
114,380 
15,808 
1.5,048 
12.020 

39.  029 
31.040 
19,552 
11,910 
19.078 
22,  903 
17,459 
50,  793 

40,  302 

19,  134 
30.  120 
22.  742 
55,  228 
59,  440 

1.4,".0,417 


Veliicle- 
inites 


4,832 


637 


0,  229 

1,002 

3,047 

0,017 

274 

33,  702 

5,  070 

25,  937 

7, 063 

0,291 

4,285 

0,  333 

5,  339 

35,311 

183392 

115,,  72 

21,257 

43, 700 

42, 805 

24,  098 

10,  551 

24,  736 

11,172 

52, 419 

42,050 

2)^,717 

27, 050 

14,842 

59, 174 

15, 306 

275,  025 

91,994 

40,  954 

12,501 

7,  955 

21,112 

4.5,  927 

1,5,507 

12,743 

15.3,765 

07, 042 

53,449 

135,999 

111,000 

104,382 

25,547 

210,848 

188,395 

70.  512 

302,  787 

772,  227 

35,  358 

114,281 

43,004 

121,927 

221,652 

232,  900 

102,875 

1 10,  130 

105,  095 

24,000 

353,816 

299,  315 

283.  502 

4(i.045 

237.  5.59 

3i  0,  195 

178,444 

0,393,132 


Table  4. — Traffic  of  Michigan  vehicles  on  rural  highways  by  class 
of  highway  and  situs  of  ownership 


Highway  type 


Township  road.. 

County  road 

Trunk  line 

Total  rural  roads 


Situs  of  ownership 


/City.. 
1  Rural 
fCitv.. 
1  Rural 
/City.. 
I  Rural 
/City.. 
\  Rural 


Daily  ve- 
hicle-miles 


429,  387 
883.801 
1,  733,  256 
1,  384,  819 
6,393,132 
1,4,56,417 
8,  55.5,  775 
3,  725,  037 


Per- 
centage 


32.7 
67.3 
55.6 
44.4 
81.4 
18.0 
69.7 
30.3 


Table  5. — Daily  use 


of  rural  highways   by   Michigan  and  non- 
Michigan  vehicles 


Daily  vehicle-miles 

Per- 
cent- 

Highway type 

Foreign 
vehicles 

Per- 
cent- 
age 

Michigan 
\ohiclcs 

Per- 
cent- 
age 

Total 

age  of 
foreign 
vehicle- 
miles 

Township  road 

14.613 
146.032 
955,  107 

1.3 
13.1 
85  0 

1,313,  188 
3.  118.075 
7.  849,  549 

10.7 
25,4 
03  9 

1.. 327.  801 
3.  204,  107 
8.  804,  0,50 

1.  1 

County  road. 

4  5 

Trunk  line.  -. 

10.8 

Total 

1,115,752 

100.  0 

12.280.812 

100  0 

13,396,564 

8.3 
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Table  6. — Origin  of  traffic  on  throvgh  and  local  streets  in  seven 
Michigan  cities 


Percent- 
age of 
street 

mileage 

Oi 

igin  of  trallic 

City  :^nd  type  (tf  street 

Local 

Xon- 
local  1 

Xoii- 
.Mioh. 

Nilos  (population,  11.32G). 
'I'hrough 

13.1 
86.9 

Per  cent 
41.2 
00.  5 

Per  cent 
22.1 
19.0 

Per  CI  nt 
30.7 

Xonthrough                  _-  -  _  -  

20.5 

AVeighted  average          -  -        -- - 

58.0 

19.  4 

22,6 

11.9 
88.1 

Ann  Arbor  (population,  26,944). 

45.  6 
04.0 

40.3 
29.9 

8.1 

N'onthrough 

6.  1 

A\'eighted  average 

01.8 

31.9 

6.3 

7.5 
92.  5 

Jackson  (population.  55,187). 

Through                           

60.5 

73.8 

30.4 
23.0 

9.1 

3,2 

72.8 

23.0 

3.0 

8.9 
91.1 

Lansing  (population.  78,397). 

56.  4 
70.6 

37.0 
20.5 

6.0 

\onthrough                       -  -        ..  - 

2.9 

"Weighted  average              _      _      _ 

69.3 

27.5 

3.2 

5.9 
94.1 

Flint  (population,  156.492). 

Through                                         

00.3 
80.  4 

30.3 

17.7 

3.4 

Xonthrough                -  -- 

1.9 

AV'eighted  average        

79.6 

18.4 

2.0 

6.5 
93.5 

Granil  Rapids  (population,  1C8.5'.I2|. 

Through                             

72.8 
80.9 

21.9 
10.6 

5.3 

2.5 

80.4 

10.9 

2.7 

3.2 
90.  8 

Detroit  (population,  1,568,062). 

Through   _            

73.1 
81.1 

22.4 
15.2 

4.5 

Xonthrough 

3.7 

^^  eighted  average 

80.9 

15.4 

3  7 

1  Exclusive  of  trafllc  from  dUtside  the  State. 

The  seven  cities  contain  approximately  63  per  cent  of 
the  Michigan  urban  popuhition  and  it  was  necessary  to 
estimate  the  percentages  of  local  and  nonlocal  use  for 
the  remaining  37  per  cent  upon  the  basis  of  the  data 
obtained  in  the  seven  cities.  This  was  done  by  exam- 
ining the  relationship  between  the  population  of  the 
cities  and  the  percentage  of  local  use  and,  as  a  check, 
establishing  the  relationsliip  between  the  ratio  of 
through  streets  to  total  street  mileage  of  each  city  and 
tile  percentage  of  local  use.  Both  of  these  relationships 
are  fully  discussed  in  the  appendix.  Combining  the 
estimates  of  local  use  obtained  by  these  relationships 
with  the  percentages  observed  in  the  seven  sample  cities 
resulted  in  an  average  local  use  in  all  cities  of  Miclugan 
amounting  to  69  per  cent  of  the  total  urban  traffic  of 
the  State.  A  separation  of  the  total  urban  traffic  of 
13,200,000  daily  vehicle-miles  upon  this  basis,  results  in 
local  use  of  city  streets  of  9,100,000  daily  vehicle-miles 
and  nonlocal  use  of  4,100,000  daily  vehicle-miles. 

TRAFFIC    DATA   SUMIMARIZED 

As  a  summary  of  the  facts  brought  out  in  the  pre- 
ceding pages,  the  data  on  rural  roads  in  Table  2  are 
repeated  in  Table  7,  and  combined  with  the  figures  ob- 
tained for  traffic  on  city  streets,  so  as  to  show  the 
relative  distribution  of  local  and  non-local  traffic  on  the 
different  classes  of  highway. 

The  predominantly  local  character  of  the  township 
roads  is  indicated  by  the  60.5  per  cent  of  traffic  on  these 
roads  which  originates  within  the  township,  while  only 
18.5  per  cent  comes  irora  outside  the  county.  Similarly 
69.5  per  cent  of  the  traffic  on  county  roads  is  by  vehicles 
originating  within  the  county.  That  the  trunk-line 
roads  are  esscntiallv  arteries  of  through  traffic  is  demon- 


Table  7. —  Traffic  on  each  class  of  highway  in  Michigan  distributed 
according  to  origin  or  character 


Road  type 

Origin  or  character 

Daily 
vehicle- 
miles 

Per- 
centage 
of  total 
for  type 

Per- 
centage 
of  total 
State 
traffic 

(Township 

803, 814 
279, 164 
244,  823 

60.5 
21.0 
18.5 

Township  roatls  _  

<County  _  .-  

[       5.0 

[other 

(Township .  _     . 

1,327,801 

100,0 

1,273,722 
994, 467 
995,  918 

39,0 
30,5 
30,5 

County  roads 

\  County 

\      12  2 

(other 

(Township  .  . 

3,  264, 107 

100.0 

1,442,218 
2,  044,  974 
5,317,464 

16.4 
23,2 
60.4 

1 

{Countv 

>      33. 1 

[other" 

1 

8,  804;  656 

100.0 

.\1I  rural  roads 

13, 396, 564 

50.3 

/Local  -.   --     -     - 

9,131,388 
4, 102,  507 

69.0 
31.0 

}      49.7 

IXonlocal 

13,  233, 895 

100.0 

Total  State  tralhc 

26,  630, 459 

100.  0 

strated  by  the  60.4  per  cent  of  the  traffic  on  these  roads 
originating  outside  of  the  county. 

Table  4  shows  that  81.4  per  cent  of  the  traffic  oi 
Michigan  vehicles  on  the  trunk-line  roads,  or  6,393,132 
daily  vehicle-miles,  is  of  city  origin.  The  total  popula- 
tion of  incorporated  areas  in  Michigan  in  1930  was 
3,596,394,  or  74  per  cent  of  Michigan's  population  of 
4,842,325.  These  facts  indicate  that  residents  of  cities 
use  the  trunk-line  roads  to  a  slightly  greater  extent 
than  the  inhabitants  of  rural  areas.  However,  the 
percentages  are  not  greatly  different,  and  they  further 
emphasize  the  general  character  of  the  trunk-line  roads. 

On  the  city  streets  31  per  cent  of  the  traffic,  amount- 
ing to  about  4,100,000  vehicle-miles  per  day,  is  of 
nonlocal  origin.  Part  of  this  traffic  is  by  vehicles  from 
other  cities  and  part  by  vehicles  of  rural  origin.  It 
would  be  useless  to  estimate  these  fractions,  although 
the  predominance  of  city  traffic  on  the  trunk  lines 
suggests  that  the  greater  portion  of  the  nonlocal  city 
traffic  comes  from  other  cities.  The  traffic  of  city 
vehicles  on  township  and  county  roads  is  shown  in 
Table  4  to  be  2,162,643  vehicle-miles  per  day,  wliich  is 
approximately  half  of  the  nonlocal  traffic  on  city 
streets.  It  seems  probable  from  these  facts  that  the 
use  of  city  streets  by  rural  residents  is  not  greatly 
different  from  the  use  of  local  rural  roads  by  city 
residents,  while  the  use  of  the  trunk  lines  by  the  two 
classes  of  residents  is  approximately  in  the  i:)roportion 
of  urban  and  rural  population. 

STREET   AND   HIGHWAY   EXPENDITURES   IN    MICHIGAN 

Financial  data  relating  to  highway  expenditures  in 
Michigan  are  not  available  for  a  period  concurrent 
with  the  period  of  the  traffic  survey,  although  actual 
expenditures  for  that  period  may  be  closely  approxi- 
mated by  available  data.  The  financial  statement  of 
the  State  Highway  Department  covers  the  period  July 
1,  1930,  to  June' 30,  1931,  inclusive.  Correspondmg 
data  for  the  townships,  counties  and  cities  are  available 
for  the  calendar  year  1930. 

The  records  of  the  State  Highway  Department  indi- 
cate total  disbursements  for  the  above-named  period 
amounting  to  $45,582,894.  Of  this  total,  $10,622,880 
represents  direct  payments  of  registration  fees  to  the 
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counties,  jind  $1,000,014  le j) rose i its  direct  payinonts  to 
cities  for  maintaining  and  widening  tniniv-lines  through 
the  cities,  leaving  a  net  total  of  $33,900,000  for  con- 
struction, nuxintenance  and  overhead  of  the  trunk-line 
highwa.y  sA'stem. 

Keplies  to  questionnaires  sent  to  the  counties  give 
total  receipts  for  highway  purposes  in  the  year  1930  of 
$32,370,706,  and  highway  expenditures  during  the 
same  year  amounting  to  $28, IS"), 300. 

In  the  financial  survey  previously  referred  to,  highway 
expenditures  by  local  miits  covering  the  year  1930  were 
obtained.  These  figures  show  tlie  expenditures  for 
highways  by  townsliips  and  by  five  groups  of  incor- 
porated ])laces.  They  do  not  include  tlie  expenditures 
by  the  State,  including  Federal  aid,  or  1)}'  the  counties. 
They  are  strictly  local  expenditures  nuide  by  the  town- 
ships and  the  incorporated  places  under  their  own  direc- 
tion, and  they  include  expenditures  made  and  assessed 
against  abutting  ])roperty.  These  latter  expenditures 
have  not  been  usually  included  in  the  highway  and 
street  expenditures  as  commonly  totaled  for  a  State, 
so  that  the  figures  for  Michigan  arc  verv  much  larger 
than  those  commonly  published,  but  it  has  t)een 
assumed  that  assessments  for  street  improvements,  or 
rather  expenditures  for  street  improvements  to  l)e  later 
collected  from  abutting  property,  are  highway  expendi- 
tures for  that  year  within  the  meaning  of  the  term. 

A  recapitulation  of  the  net  expenditures  for  highway 
purposes  by  units  of  Government  is  as  stated  in  Table  8. 

Table  8. — Expenditures  for  highways  by  units  of  government  during 
a  1-year  period  in  1930-31 

Governmental  unit: 

State $45,  582,  894 

Less  paj-ments  to  counties.      10,  G22,  880 

Less  payments  to  cities 1,  060,  014 

$33,  900,  000 

Counties 28,  185,  300 

Townships C,  264,  384 

Cities 37,  822,  997 

Total 106,  172,  681 

The  expenditures  listed  in  Table  8  are  not  annual 
highway  costs,  as  they  include  capital  expenditm-es  as 
well  as  current  items.  Payments  of  bond  principal 
are  not  included.  State  Highway  Department  expendi- 
tures during  the  years  1925  to  1929  ranged  from  22 
millions  to  34  millions  of  dollars  and  averaged  $20,600,- 
000  per  year.  Expenditiu'es  for  local  highways  during 
this  period  ranged  from  21  millions  to  43  milUons  of 
dollars  and  averaged  $34,200,000  per  year. 

On  the  basis  of  the  expenditures  shown  in  Table  S 
and  the  total  annual  traffic  on  each  S3'stem,  the  expendi- 
tures per  vehicle-mile  on  each  of  the  highway  systems 
of  the  State,  including  city  streets,  were  computed  and 
are  as  given  in  Table  9.     It  will  be  observed  that  the 

T.\BLE  9. — Expenditures  per  vehicle-mile  in  1930-31  on  tlie  several 
highway  systems  of  Michigan 


Highway  system 


Township  roads 

County  roads 

Trunk  lines 

City  streets.- 

Average,  all  highways 
1  Based  on  Table  7. 


Kxpen- 
dilures 

per 
vehicle- 
mile 


Cents 

1.29 

2.37 

1.05 

.7M 


1.18 


Annual  velii- 

clc-miles  on 

system  ' 


481.  647, 30.5 
1,  l!H,3iW,  0.55 
3,  213,6'jy,440 
4,830,371,675 


average  for  all  highways  of  the  Stale,  including  city 
streets,  is  1.18  cents  i)ei-  vehicle-mile;  and  that  the 
figures  vary  from  0.78  cent  for  city  streets  to  2.37 
cents  for  county  roads. 

These  ex])enditure  figures,  although  they  can  not  be 
regarded  as  true  annual  costs,  offer  a  basis  of  com- 
parison with  the  reduction  in  cost  ])er  vehicle-mile 
in  the  operation  of  motor  vehicles,  effected  by  the 
iiii])rovenient  of  roads.  Data  on  this  subject  were 
developed  in  ex])eriments  by  Prof.  T.  R.  Agg,  and 
reported  in  liulletin  (iO  of  the  Engineering  Kxj)eriment 
Station,  Iowa  State  College,  in  1924.  Professor  Agg's 
figures  indicate  that  the  average  cost  of  operating  an 
automobile  over  a  high-ty])e  surface  such  as  concrete, 
brick,  or  asphalt  is  apj)roxiinately  2%  cents  ])cr  mile 
less  than  the  cost  of  oj)erating  over  an  ordinary  earth 
road.  A  low-type  surface  such  as  gravel  reduces 
operating  costs  about  1  cent  per  vehicle-mile;  an 
intermediate  surface,  such  as  bituminous  macadam, 
about  2  cents.  A  well-])acked  earth  road,  as  oj)posed 
to  average  or  ordinary  earth  roads,  was  shown  to  effect 
a  reduction  of  about  one-lialf  cent  per  vehicle-mile. 

From  these  figures  it  is  evident  that  the  exi)enditure 
of  0.78  cent  per  vehicle-mile  on  city  streets,  with  a  high 
type  of  improvement  and  dense  traffic,  is  more  than 
justified  by  the  reduction  in  cost  of  oj)eration  of  motor 
vehicles.  The  same  is  true  of  the  trunk-line  roads, 
which  have  an  average  traffic  density  of  1,144  vehicles 
per  day,  On  the  city  streets  and  trunk-line  highways 
the  expenditures  listed  are  chiefiy  for  construction, 
maintenance  playing  a  relatively  small  part  in  the  total. 

The  county  roads,  which  are  mainly  of  intermediate 
and  low^  types,  and  on  which  maintenance  expenditures 
become  more  important,  present  a  different  situation. 
The  expenditures  per  vehicle-mile  amount  to  2.37  cents. 
The  average  density  of  traffic  on  the  county  roads  is 
190  vehicles  per  day.  This  rate  of  expenditure  can 
hardly  be  justified  from  the  standpoint  of  economy  in 
motor  vehicle  operation;  and  the  fact  that  expenditures 
per  vehicle-mile  on  county  roads  are  cons))icuously 
higher  than  on  any  of  the  three  other  classes  of  iiighway 
suggests  that  they  may  be  excessive.  It  may  be  that 
the  mileage  improved  has  been  overextended  or  that 
the  type  of  improvement  has  been  too  expensive,  or 
that  a  combination  of  these  two  factors  has  led  to  the 
high  rate.  In  this  connection  it  is  noted  that  in 
Michigan,  according  to  the  latest  available  figures, 
there  are  77,389  miles  of  local  road,  of  which  33,408 
miles,  or  43.2  per  cent,  are  surfaced.  More  than  97 
per  cent  of  the  county  highways  are  surfaced,  and  27 
per  cent  of  the  townsliij)  highways  are  improved  with 
gravel  surface  or  a  higher  t,vpe.  The  surfaced  local 
mileage  for  the  United  States  as  a  whole  in  1930  was 
but  17.5  per  cent  of  the  total. 

It  must  be  recognized  that  the  county  roads,  on  which 
39  per  cent  of  the  traffic  is  of  local  (i.  e.  township) 
origin,  render  services,  both  social  and  economic,  which 
can  not  be  comi)uted  in  terms  of  reduced  transportation 
costs.  However,  tiiere  is  a  definite  indication  of  over- 
expenditure;  and  plans  for  further  development  of  the 
county  system  should  take  into  account  the  extent  to 
which  the  traffic  justifies  the  outlay. 

LOW    TKAFFIC    DENSITIES    FOUND    ON    TOWNSHIP    KOADS 

Table  9  shows  that  the  expenditures  on  the  township 
roads  in  1930-31  amounted  to  1.29  cents  per  vehicle 
mile.  This  figure  csn  not  very  well  be  compared  with 
reduction  in  cost  of  motor  vehicle  operation.  Seventy- 
three  per  cent  of  the  township  mileage  is  unimproved, 
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and  corresponds  to  ordinary  earth  road,  the  lowest 
type  considered  in  Professor  Agg's  figures,  quoted 
above.  It  is  doubtful  if  the  expenditures  on  townsliip 
roads  could  be  said  to  produce  a  reduction  of  more 
than  one-half  cent  per  vehicle-mile  in  transportation 
costs. 

The  great  bulk  of  expenditures  on  these  roads  is  for 
maintenance,  nearly  all  in  the  case  of  the  unimproved 
roads.  ReUable  information  as  to  the  actual  mainte- 
nance cost  of  townsliip  highways  is  difficult  to  obtain 
and  but  little  has  been  written  about  this  phase  of 
higbway  economics. 

Dividing  the  expenditure  on  townshiji  roads,  as 
given  in  Table  8,  $6,264,384,  by  the  total  mileage  in 
the  system,  60,214,  we  obtain  $104  as  the  average  ex- 
penditure per  mile.  Tiiis  figure  includes  construction 
as  well  as  maintenance  costs.  Township  highway  ex- 
penditures for  the  year  1930  were  obtained  from  the 
State  authorities  for  78  townships.  The  reported 
expenditures  for  all  these  townshijDs  also  averaged  $104 
per  mile.  The  figures  varied  from  very  low  values  to 
over  $500  per  mile.  Those  townships  in  which  the 
township  highways  were  all  unimproved  (excei)t  for  1 
mile)  reported  an  average  expenditure  of  $51  per  mile. 
This  figure  is  very  near  the  minimum  which  could  be 
expended  with  profit  in  maintaining  an  unimproved  road. 

The  observed  average  daily  traffic  on  townsliip 
roads  varied  from  less  than  one  to  279  veliicles  per 
day,  the  average  being  22,  and  the  median  20.  Table 
10  shows  a  percentage  distribution  of  those  township 

Table  10. — Cumulative  percentage  of  observed  township  mileage 
having  traffic  densities  from  1  to  279  vehicles  per  day  and  corre- 
sponding mileages  computed  by  applying  these  percentages  to  the 
total  of  township  highway  mileage  in  the  State 


Average  daily 
traffic  density 

Percent- 
age of 
observed 
township 

mileage 

Corre- 
sponding 
mileage 
b.ased  on 
all  town- 
sliip 
mileage 
in  State 

Average  daily 
traffic  density 

Percent- 
age of 
observed 
township 

mileage 

Corre- 
sponding 
mileage 
based  on 
all  town- 
ship 
mileage 
in  State 

5  or  less 

13.58 
25.51 
39. 58 
51.90 
63. 10 
70.73 
76.  65 

8,177 
15,361 
23,  833 
31,251 
38,031 
42, 689 
46, 154 

40  or  less           .  _ 

.  80.45 
86.09 
88.46 
95.97 
97.  93 
99.  11 
100.  00 

48  442 

10  or  less 

45  or  less    - 

51.8.38 

53, 265 

20  or  less 

75  or  less 

57,  787 

25  or  less              

100  or  less    ..  

58, 968 

30  or  less 

150  or  less 

.'^9,  678 

35  or  less 

279  or  less 

GO,  214 

liighways  on  wliich  observations  were  made,  on  the 
basis  of  traffic  density.  The  corresponding  mileages, 
based  on  all  the  townsliip  mileage  in  the  State,  are 
also  given.  Thus  we  see  that  over  half  the  mileage 
supports  a  traffic  of  20  vehicles  per  day  or  less;  about 
one-fourth  has  a  traffic  of  10  or  less;  and  on  nearly  14 
per  cent,  or  over  8,000  miles,  the  traffic  is  no  more 
than  5  veliicles  per  day.  If  we  apply  the  maintenance 
figure  of  $51  per  mile  to  some  of  these  low  densi- 
ties we  obtain  the  following  figures: 

Expenditures  per  vehicle-mile 

Vehicles  per  dav:  Cents 

1 1 13.  97 

5 2.  SO 

10 1.  40 

20 .  70 

To  set  a  limit,  in  terms  of  cents  per  vehicle-mile,  on 
the  expenditures  to  be  made  on  such  roads,  would  be  an 


arbitrary  procedure.  It  is  clear,  however,  that  a  traffic 
of  1,  5,  10,  or  even  more  vehicles  per  day  is  insufficient 
for  the  reduction  in  transportation  costs  to  pay  the  cost 
of  maintenance.  There  are  considerations  more  or  less 
intangible  which  may  justify  high  expenditures  per 
vehicle-mile  on  very  lightly  traveled  townslup  roads. 
The  State  may  be  said  to  have  a  certain  obligation,  in 
connection  with  public  education  and  the  general 
welfare,  to  provide  access  to  the  land  and  homes  of  its 
citizens.  This  principle  can  not,  of  course,  be  pushed 
to  the  limit  of  building  a  road  to  the  remotest  habita- 
tion. The  obligation  exists  none  the  less;  and  it  would 
be  well  to  recognize  that  a  considerable  portion  of  the 
expenditure  on  local  roads  must  be  justified  by  the 
general  social  and  economic  benefits  to  be  derived. 

APPENDIX 

METHOD  OF  DETERMINING  LOCAL  TRAFFIC  IN  MICHIGAN  CITIES 

The  use  of  city  streets  l:)y  residents  and  nonresidents  was 
determined  for  tlie  seven  cities  of  Detroit,  Grand  Rapids,  Flint, 
Lansing,  Jackson,  Ann  Arbor,  and  Niles.  These  cities  are  repre- 
sentative of  the  population  range  from  10,000  to  more  than 
1,. 500, 000  and  data  obtained  in  them  are  applicable  to  other 
Michigan  cities  within  this  range. 

Forty-three  per  cent  of  the  passenger  cars  and  36  per  cent  of 
the  trucks  registered  in  Michigan  in  1930  were  registered  in  these 
.seven  cities.  Their  population  in  1930  was  43  per  cent  of  the 
population  of  the  State,  57  per  cent  of  the  population  of  the  475 
incorjiorated  places  in  Michigan,  and  63  per  cent  uf  the  urban 
population  of  Michigan.  Within  these  cities  were  71  per  cent 
of  the  registered  motor  vehicles  of  all  cities  with  a  population  of 
10,000  or  over  in  1930,  and  70  per  cent  of  the  population  of  such 
cities. 

A  tj'pical  distribution  of  traffic  station.?  is  illustrated  in  the  map 
of  Flint,  Figure  1.  The  stations  are  well  distributed  through- 
out the  city  and  are  sufficient  in  number  to  obtain  data  relative 
to  all  traffic  movements  within  the  city.  All  important  sources 
of  traffic  were  covered  by  stations.  The  trunk  lines  passing 
through  Flint  are  shown  by  heavy  lines  on  the  map.  The  dis- 
tribution of  stations  is  similar  to  that  in  all  of  the  cities  except 
Detroit.  In  that  city  traffic  stations  were  located  on  three 
cordons. 

The  inner  cordon  covered  all  intersections  on  Grand  Boulevard; 
the  middle  cordon  was  on  Artillery,  Livernois,  Davison,  Six 
Mile  Road,  and  Conners  Streets;  the  outer  cordon  was  on  Eight 
Mile  Road  and  at  the  crossings  of  the  River  Rouge  near  the  east 
city  limits.  One  hiuidred  and  sixty-four  stations  were  located 
on  these  three  cordons  at  points  used  by  the  Rapid  Transit 
Commission  in  their  study  of  vehicular  traffic. 

Traffic  counts  were  taken  in  the  seven  cities  during  tlie  month 
of  August,  1931.  Vehicles  were  classified  as  local,  nonlocal,  or 
non- Michigan.  Local  traffic  was  identified  through  the  regi.s- 
tration  numbers  assigned  for  cars  of  each  city  by  the  State 
Motor  Vehicle  Director.  The  correctness  of  such  classification 
was  checked  by  noting  the  license  numbers  and  determining  the 
domicile  of  the  owner,  in  order  to  eliminate  from  the  local  classi- 
fication those  vehicles  wliose  owners  bought  tags  in  the  city  but 
who  were  not  domiciled  within  the  city  limits. 

Where  the  volume  of  traffic  was  not  too  heavy  all  cars  were 
classified  and  the  domicile  of  the  owner  determined.     Where  this 
could  not  be  done,  as  many  license  numbers  as  possible  were  noted 
and  later  classified.     About  one  in  each  three  license  numbers 
was  taken  for  investigation  upon  each  route  at  a  station. 

A  certain  percentage  of  apparent  local  traffic  (i.  e.,  vehicles 
carrying  tag  numbers  assigned  to  the  city  of  observation)  was 
found  to  be  of  nonlocal  origin.  This  percentage  was  applied 
to  each  original  count  of  vehicles  and  the  traffic  of  true  local 
origin  determined.  For  example,  at  station  27  in  Grand  Rapids 
1,551  cars  with  apparent  local  tags  were  noted  on  the  north 
route  at  the  intersection  of  Ionia  Avenue  and  Crescent  Street  on 
Monday,  August  24,  during  the  hours  from  10  a.  m.  to  8  p.  m. 
Examination  disclosed  that  137,  or  S.S  per  cent  of  these  cars  were 
owned  outside  of  Grand  Rapids.  The  vehicle  count  on  this 
route  totaled  3,492  apparent  local  cars.  Subtracting  307  or 
8.8  per  cent  of  the  count  gave  3,185  local  vehicles.  The  307  so 
deducted  were  added  to  the  nonlocal  classification. 

Population  and  type  of  traffic. — The  ratio  of  local  traffic  to 
total  traffic  ordinarily  increases  with  population.     In  Figure  2 
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Figure   1. — Map  Showing   Locations   of  Tkaffic  Stations  in  City  of  Flint,   Mich. 


the  percentage  of  local  traffic  (determined  by  weighting;  percent- 
ages on  through  and  nonthrough  streets  by  mileage  in  each  class) 
is  plotted  against  population  and  a  trend  line  drawn.  With  the 
exception  of  Jackson  and  Lansing,  it  is  apparent  that  the  larger 
the  city  the  greater  the  percentage  of  local  traffic.  After  a 
population  of  180,000  is  reached,  the  effect  of  increases  in  pojMi- 
lation  upon  the  percentage  of  local  traffic  is  very  small.  Detroit 
with  nearly  nine  times  the  population  of  Grand  Rapids,  had  but 


a  slightly  higher  jjerccntage  of  local  traffic,  although  the  volume 
of  Detroit  traffic  is  several  times  that  of  Grand  Rapids. 

Through  street  mileage  and  type  of  traffic. — Since  the  data  for 
Jackson  and  Lansing  do  not  agree  with  the  population-local 
traffic  trend,  and  because  there  are  other  cities  of  about  this 
size  for  which  traffic  data  were  not  taken,  another  method  was 
developed  as  a  check  and  a  modifier  of  the  results  obtained  by 
considering  population  and  percentage  of  local  traffic.     This  was 
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Figure  2. — Relationship  Between  Local  Traffic  on 
City  Streets  and  Population  of  Cities;  Percentage 
OF  Local  Traffic  Determined  by  Weighting  Percent- 
ages on  Through  and  Nonthrough  Streets 

done  by  plotting  the  ratio  of  through  street  mileage  to  total 
mileage  for  each  city  against  the  percentage  of  local  traffic  ob- 
served in  each  of  the  seven  cities.  There  is  an  inverse  relation- 
ship between  these  two  factors  as  shown  in  Figure  3. 

With  a  trend  line  through  the  points  thus  obtained,  it  is  pos- 
sible to  determine  the  percentage  of  local  traffic  for  any  city  if 
its  ratio  of  through  street  mileage  to  total  mileage  is  known, 
thus  enabling  close  estimates  of  percentage  of  local  traffic  in 
those  cities  where  no  traffic  data  were  obtained. 

The  average  percentage  of  local  traffic  for  a  number  of  cities 
combined,  when  derived  by  both  methods,  varies  only  slightly. 
From  consideration  of  data  from  the  seven  cities  studied  it 
api^ears  that  the  relationship  of  percentage  of  through  street 
mileage  to  local  traffic  provides  an  excellent  check  upon  the 
population-local  traffic  relationship,  and  that  it  may  be  a  better 
measure  of  local  traffic  in  the  individual  city. 

Although  Jackson  and  Lansing  diverge  from  the  population- 
local  traffic  trend  in  the  percentage  of  through  street  mileage- 
local  traffic  relationship,  they  are  on  or  very  near  the  trend  line, 
but  in  reverse  order.  In  Figure  3  Grand  Rapids  and  Detroit 
are  farthest  from  the  trend  line  and  on  opposite  sides.  Grand 
Rapids  has  an  unusual  number  of  parallel  through  streets. 
More  Streets  in  Detroit  might  properly  be  included  in  the  through- 
street  mileage  (thus  bringing  this  city  closer  to  the  trend  line), 
but  were  not  so  included  in  conformance  with  the  definition  of 
through  routes.  There  is  also  the  fact  that  in  Detroit  through 
streets  are  much  wider  than  local  streets,  so  that  the  area  of 
through-street  mileage  and  that  of  local-street  mileage  is  more 
nearly  in  proportion  to  that  of  the  other  cities. 

Local  traffic  in  Detroit  and  adjacent  cities. — As  previously  noted, 
the  traffic  stations  in  Detroit  were  located  on  three  cordons. 
These  cordons  were  located  at  about  3,  6,  and  8  miles  from  the 
center  of  the  city. 

Table  1  gives  detailed  figures  for  local  traffic  on  each  cordon 
as  well  as  for  each  section  of  the  cordons.  The  percentage  of 
local  traffic  at  each  cordon  was  as  follows:  Inner,  8L2;  middle, 
81;  and  outer,  65.8.  The  observed  local  traffic  at  all  cordons 
combined  was  79.9  per  cent. 


Table   1. — Local  tra 

ffic  at  Detroit 

cordons 

Inner  cordon 

Middle  cordon 

Outer  cordon 

Section 

North 

and 

South 

East 
and 
West 

North 

and 

South 

East 
and 
West 

North 

and 

South 

East 
and 
West 

East  side 

Per  cent 
81.0 
83.0 
79.2 

Per  cent 
84.8 
81.0 
80.0 

Per  cent 
83.3 
77.6 
82.3 

Per  cent 
84.2 
81.9 

78.2 

Per  cent 
77.7 
61.7 

Per  cent 

78  1 

North  side... 

64  6 

West  side.. 

58  8 

Total .._ 

81-  2 

81 

0 

65 

8 

The  traffic  of  cities  within  and  surrounding  Detroit  differs 
from  that  of  an  average  city  of  similar  size  located  at  a  distance 
from  a  large  city.  Hamtrarack  and  Highland  Park  are  within 
the  corporate  limits,  but  are  not  a  part  of  Detroit.  Local 
traffic  in  these  places  is  similar  to  that  of  Detroit  considering 
the  entire  area  as  a  unit.  Several  of  the  Detroit  traffic  stations 
on  the  middle  cordon  were  located  in  Highland  Park.  The 
counts  at  these  stations  showed  that  Detroit  accounted  for  77.4 
per  cent  of  the  traffic,  and  2.6  per  cent  originated  outside  of  the 
State.  Only  20  per  cent  was  originated  in  Highland  Park  and 
the  rest  of  Michigan  outside  of  Detroit. 

The  population-local  traffic  relationship  indicates  a  percent- 
age of  local  traffic  for  Highland  Park  of  less  than  two-thirds 
that  of  Detroit,  while  the  percentage  of  through  street  mileage- 


local  traffic  relationship  indicates  a  percentage  of  local  traffic  a 
little  less  than  that  of  Detroit.  Either  method  indicates  a 
figure  several  times  the  observed  local  traffic.  It  is  only  logical 
to  expect  local  traffic  in  Hamtramck  and  Highland  Park  to  be 
very  much  like,  if  not  identical  with,  that  of  Detroit  if  all  three 
were  combined  as  a  metropolitan  area. 

Combining  all  these  suburban  places  into  one  area  and  treating 
them  as  a  Detroit  metropolitan  area  brings  the  whole  in  nearer 
agreement  to  the  trend  line  of  Figure  2. 

Method  of  estimating  local  traffic  in  all  cities  of  State. — In 
arriving  at  estimates  of  the  average  percentage  of  local  traffic 
in  Michigan  cities  the  two  methods  previously  explained  were 
used.  The  percentage  of  local  traffic  in  the  cities  of  the  survey, 
when  determined  by  population  ratios,  by  ratio  of  through  street 
mileage  to  total  mileage,  and  by  actual  count,  is  not  always  the 
same,  as  will  be  seen  by  referring  to  Figures  2  and  3.  Location 
of  a  town  or  city  on  heavily  traveled  through  routes  near  a  large 
city,  or  some  other  determining  factor  for  the  particular  city, 
may  be  of  great  importance  in  arriving  at  the  correct  percentage 
of  local  traffic  for  a  city.  The  heavy  traffic  on  through  routes 
passing  through  a  small  town  lowers  the  ratio  of  local  traffic  to 
total  traffic  to  a  \'ery  low  figure  as  compared  with  that  of  a  town 
of  the  same  size  not  on  a  through  route,  or  on  a  through  route 
with  a  much  lower  volume  of  traffic. 
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-  traffic  of  city  origin  (weighted)  as  a  percentage  of  total  traffic 

Figure  3. — Relationship  Between  Local  Traffic  on 
City  Streets  and  Mileage  of  Through  Streets;  Per- 
centage OF  Local  Traffic  Determined  by  Weighting 
Percentages  on  Through  and  Nonthrough  Streets 
BY'  Mileage  in  Each  Class 

Since  no  towns  or  cities  under  10,000  population  were  included 
in  the  cities  surveyed,  an  estimate  of  local  and  nonlocal  traffic 
for  these  can  be  made  on  the  basis  of  the  trend  line  of  Figure  2 
extended  or  the  ratio  of  through  street  mileage  to  total  mileage 
as  scaled  from  maps. 

However,  in  the  application  of  the  through-street  percentage 
relationship  to  small  towns,  it  seems  reasonable  to  include  county 
routes  which  enter  the  town  as  connections  with  State  or  Federal- 
aid  routes  in  the  through-street  mileage.  It  appears  that  county 
routes  leading  into  small  towns  have  about  the  same  effect  upon 
local  traffic  as  have  State  routes  entering  larger  cities.  In  fact, 
some  towns  have  no  State  routes  passing  through  them,  so  it  is 
necessary  to  use  county  routes. 

Whatever  the  method  used  to  determine  the  percentage  of 
local  traffic  in  places  under  10,000  population,  it  will  have  little 
effect  on  the  mean  local  traffic  for  all  Michigan  cities  combined. 
Including  all  incorporated  places  under  10,000  population,  how- 
ever small,  the  average  percentage  of  local  traffic  for  these  would 
have  to  vary  more  than  10  per  cent  to  affect  the  mean  local 
traffic  of  all  Michigan  cities  combined  by  as  much  as  2  per  cent. 

If  all  incorporated  places  under  10,000  population  had  been 
included  in  the  city  survey,  it  is  doubtful  if  the  combined  average 
would  vary  materially  from  an  average  arrived  at  by  use  of  either 
the  population  or  through-street  percentage  relationships  to 
local  traffic. 

Local  traffic  at  single  stations  on  through  routes  varies  from 
8  to  54  per  cent  for  towns  and  cities  of  varying  sizes  under  10,000 
population.  One  town  under  1,000  population  had  14  per  cent 
local  traffic  on  two  intersecting  streets  combined  but  on  one  of 
these  streets  the  local  traffic  was  43  per  cent.  The  other  street 
was  a  lieavily  traveled  through  route  which  greatly  reduced  the 
average  for  both  streets. 

In  estimating  the  percentage  of  local  traffic  in  towns  and  cities 
under  10,000  poijulation,  all  of  these  cities  were  considered  as  an 
average  city  within  the  group.     Also,  sample  towns  were  con- 

(Continued  on  p.  200) 


MOTOR  TOURIST  TRAFFIC  IN  MICHIGAN 

By  the  Bureau  of  Public  Roads,  United  States  Department  of  Agriculture,  and  the  Michigan  Highway  Department 

TJIE  follo\vin<i-  analysis  of  motor  tourist  traflic  is  j  central  plains  States.  Of  the  trallic  fioiu  the  central 
based  upon  post-card  questionnaires  distributed  plains  States,  more  than  one-third  originates  in 
during-  the  course  of  a  traffic  survey  extending  i  Minnesota, 
from  July,  1930,  to  Juh',  1931.  A  samjde  card  is  shown  i  A  classilication  of  tourist  cars  I)y  type  of  accommo- 
in  Figure  1.  More  than  42,000  of  these  cards  were  dation.  Table  2,  indicates  that  more  than  one-third  of 
returned,  aiid  all  sections  of  the  State  are  represented,  i  the  total  nund)er  of  visitor«  staj-ed  with  friends,  nearly 
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Figure  1. — Card  Distributkd  to  Tourists  in  Michigan 


All  operators'of  foreign  cars  were  given  cards  at  stations 
near  the  border  but  since  stations  were  not  operated 
continuously  the  operators  stopped  at  stations  in  the 
interior  of  the  State  and  found  to  be  without  such  a 
card  were  given  one.  The  information  upon  these 
cards,  supplemented  by  special  data  obtained  at  the 
Ambassador  Bridge,  the  Detroit-Windsor  Tunnel,  and 
all  ferries,  furnished  data  with  regard  to  tourist  and 
Canadian  traffic  movements. 

The  origin  of  tourist  cars  is  summarized  in  Table  1 , 
and  also  in  Figure  2,  in  which  the  percentage  of  tourist 

Table  1. — Origin  of  tourist  traffic  in  Michigan  during  1930-31, 
as  indicated  by  questionnaire  cards 


State,  country,  or  grouii 

Number 
of  cards 
returned 

Percent- 
age of 
total 

2,528 
13, 608 
8,115 
8,942 
1,168 

6.0 

Illinois  - 

32.5 

19.4 

Ohio.-- 

21.4 

Canada _ 

2.8 

Total,  neighboring  States  and  Canada- 

34,  361 
410 

2,382 
992 

2,823 
901 

82.1 

New  England  States 

1.0 

Northeastern  States 

5.7 

Southeastern  States - 

2.4 

Central  States  _.  _    , 

6.7 

Western  States .-- 

2,1 

Total 

41,869 

100.0 

traffic  originating  in  the  areas  indicated  is  ])ro})orfional 
to  the  area  of  the  circle  in  each  case.  Most  of  this 
traffic  originates  in  the  States  adjoining  Michigan  and 
in  Canada,  this  area  contributing  82.1  per  cent  of  the 
total  tourist  traflic.  The  remaining  18  per  cent  origi- 
nates in  all  parts  of  the  United  States,  the  bulk  of  it 
coming   from   the   northeastern   States   and   from   the 


24  per  cent  at  hotels,  and  more  than  19  ])er  cent  at  sum- 
mer homes.  These  three  imj)ortant  groups  comprise 
four-fifths  of  the  total.  More  than  half  of  the  remainder 
proceeded  directly  through  the  State,  making  no  over- 
night stops.  Camping  parties  represent  only  0  per  cent 
of  the  total,  and  the  miscellaneous  grouj),  those  cars 
which  could  not  be  conveniently  classified  under  any  of 
the  above  types,  4  per  cent. 

The  average  number  of  persons  ])er  ciir  in  ail  tourist 
cars  was  2.8.  Alore  than  one-half  of  the  total  cars 
carried  1  or  2  persons  and  nearly  70  per  cent  carried  1, 
2,  or  3  persons.  Everj^  sixth  car  carried  four  persons, 
but  the  number  of  cars  carrying  five  or  more  persons 
W'as  only  a  small  part  of  the  total. 

Table  2. — Distribution  of  tourist  cars  by  type  of  accommodation 


Type 


Friends 

Hotels 

Summer  home  ' 
Through  trafTic. 

Camping » 

Miscellaneous '. 

Total 


Number 
of  cars 


14,  094 
12,  348 
7,  622 
4,021 
2,  230 
1,712 


42,  033 


Number 
of  cars  as 
percent- 
age of 
total 


29.  38 
18.  13 
9.57 
5.32 
4.07 


100.00 


Number 
of  per- 
sons 


Number 
of  per- 
sons as 

percent- 
age of 
total 


43.  638 
27, 999 
23,  232 
11,793 
7,095 
4,  694 


118,451 


36.  84 
23.  64 
19.61 
9.  96 
5.  99 
3.  96 


100.00 


1  ".Summer  home"  includes  all  cars  where  possession  of  a  summer  homo  was  indi- 
cated, on  the  assumption  that  other  types  of  accommodation  were  u.sed  only  inci 
dentally  in  going  to  and  from  the  sununer  home. 

'  Includes  camping  and  friends. 

s  Miscellaneous  includes  cars  unclassified  according  to  type,  and  the  minor  groups: 
Hotels  and  cariii)s;  holels  and  friends;  and,  hotels,  camps,  and  friends. 

The  average  length  of  stay  for  all  classes  of  tourists 
is  11  days  per  part}".  It  ranges  from  one  day,  reported 
by  one  car  in  everj"  five,  to  more  than  six  months.     The 
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greatest  number  of  visits  are  of  short  duration.  Nearly 
40  per  cent  of  all  parties  stayed  two  days  or  less,  while 
visits  of  one  week  or  less  were  made  by  nearly  three- 
fourths  of  all  parties.  Table  3  gives  the  length  of  stay 
of  tourist  cars,  in  percentages  distributed  by  type  of 
accommodation  used. 

There  is  naturally  a  considerable  difference  in  the 
average  length  of  stay  of  the  various  types  of  tourists, 
ranging  from  7.5  days  for  those  staying  with  friends, 
to  24  days  for  those  using  their  own  summer  homes. 
The  average  stay  for  those  staying  at  hotels  is  8.2  days, 
and  that  for  campers  is  10.6  days. 

Table  3. — Length  of  stay  of  tourist  cars  in  percentages  distributed 
by  type  of  accommodation  used 


Number  of  days 

Friends 

Hotels 

Summer 
home 

Camp- 
ing 

Miscel- 
laneous 

Total 

1.. 

Per  cent 
19.8 
21.2 
15.1 
9.0 
5.3 
2.9 
6.1 

1.3 
.3 

4.8 
.2 
.  7 
.1 

3.9 

1.0 
.2 

Per  cent 
17.2 
20.7 
13.3 
8.7 
7.4 
3.6 
5.0 

1.3 
.4 

6.1 
.2 

'a 

3.9 

1.3 
.2 

.  1 
.4 

Per  cent 
16.5 
15.0 
9.9 
5.3 
3.5 
2.0 
4.2 

.9 
.4 

4.4 
.1 
.8 
.1 

3.7 

1.1 
.3 
.2 
.3 

Per  cent 
12.5 
15.7 
11.8 
7.2 
6.1 
4.5 
7.0 

2.7 
.8 

7.6 
.4 

1.6 

6^7 

1.8 
.4 

Per  cent 
6.8 
12.5 
10.9 
9.7 
7.3 
4.9 
7.6 

2.9 
1.0 

7.8 
.0 

1.6 
.1 

0.  7 

2.1 
.3 

L4 

2.8 

Per  cent 
21.0 

2 

3 -. 

4 

18.2 
12.5 
7.8 
5.4 

0    .- 

3.0 

5.3 

8                  

1.3 

9.. 

.4 

10 

5.2 

11    

.2 

12 

.8 

13                 

.  1 

14 

4.0 

15 

1.2 

16 -- 

.2 

17.. 

.  1 

18 

.2 

.6 

.1 
.8 
2.7 

.3 

19                                 -   - 

20.. 

.6 
1.4 

.7 
2.4 

.7 
2.0 

.7 

21  to  30 

2.0 

STAY  IN  MONTHS 


1  to  2.             

3.4 
1.3 
.9 
.1 

3.9 
1.3 
.8 
.1 

6.9 

10.4 

8.3 

1.4 

.4 
.6 

5.1 

2.7 

1.1 

^  2 

... 

6.3 
3.2 
1.0 
.1 
2 
L2 

4.3 

2  to  3 

3.  1 

3  to  4 

2.2 

4  to  5.. 

.3 

5  to  6 -- 

.  1 

6  to  12 

^  2 

.2 

.  3 

Total 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

Average  (days). 
Median  (days). 

7.5 
3.6 

8.2 
3.9 

24.0 
4.5 

10.6 
5.5 

14.7 
6.6 

11.0 
3.9 

ESTIMATE  OF  TOURIST  EXPENDITURES 

The  information  concerning  length  of  stay,  type  of 
accommodation,  and  average  number  of  passengers 
may  be  applied  to  the  total  incoming  tourist  traffic 
to  estimate  the  value  of  this  traffic  in  terms  of  expendi- 
tures within  the  State.  However,  the  accuracy  of  such 
an  estimate  depends  primarily  on  the  estimate  of  the 
average  expenditure  per  tourist  per  day,  and  very 
little  accurate  data  ^  has  been  collected  on  this  point. 
The  final  estimate  here  given  is  regarded  merely  as  an 
indication  of  total  tourist  expenditures,  but  conserva- 
tive figures  have  been  used  tliroughout  and  it  is,  there- 
fore, probable  that  the  actual  expenditure  is  greater 
than  the  estimate. 

As  the  cost  of  car  operation  is  an  item  of  expense  for 
all  types  of  motor  tourists,  it  is  convenient  to  assume  an 
average  cost  per  mile  and  apply  this  figure  in  the 
estimate  for   each   type.     The   following   estimate   of 

1  Most  of  the  estimates  of  the  value  of  tourist  traffic  have  been  made  by  tourist 
associations  and  automobile  clubs.  In  the  majority  of  eases,  the  estimates  are  based 
frankly  upon  guesses  as  to  the  average  expenditure  per  person  per  day.  Several 
studies  of  considerable  merit  have  been  made  by  means  of  cjuestionnaires  and  wher- 
ever possible  the  following  estimates  of  expenditures  by  the  various  types  of  tourists 
have  been  checked  against  these  studies. 


car-operation  costs  is  based  upon  the  assumption  that 
the  average  tourist  car  is  a  light  6-cyclinder  model. 
Cars  of  this  type  were  used  by  recorders  and  supervisors 
in  the  survey,  and  the  following  unit  costs  are,  therefore, 
taken  directly  from  the  cost  records  of  these  cars : 

Average  miles  per  gallon  of  gasoline 17 

Average  miles  per  quart  of  oil 100 

Average  cost  per  gallon  of  gasoline $0.  17 

Average  cost  per  quart  of  oil .  27 


Cost  of  gasoline  per  mile 

Cost  of  oil  per  mile 

Miscellaneous  costs  per  mile. 


.  010 
.  003 
.  005 


Total  cost  of  operation  per  mile 


018 


Figure  2. — Origins  of  Motor  Tourist  Traffic  in  Michi- 
gan. Size  of  Circle  Indicates  Relative  Number  of 
Tourists  from  Each  Area 

This  figure  of  $0.02  per  mUe  may  appear  to  be  too 
conservative,  but  it  should  be  remembered  that  it 
represents  only  du'ect  operation  expenditures  which 
would  be  made  in  Michigan  during  a  visit.  Indirect 
costs  such  as  depreciation,  license  fees,  etc.,  are  not 
considered. 

Table  4  is  an  itemized  estimate  of  the  daily  expendi- 
tures per  person  for  the  six  tourist ,  types.  The  esti- 
mate for  the  summer-home  group  is  based  upon  an 
assumed  average  home  value  of  $3,000,  upon  which 
carrying  charges  and  all  operating  costs  on  a  yearly 
basis  will  approximate  10  per  cent  of  the  value,  or 
$300.  This  expenditure  is  charged  against  a  season 
of  100  days,  resulting  in  the  equivalent  of  a  rental  value 
of  $3  per  day,  or  $1  per  day  per  person  for  a  party  of 
three. 

Table  4. — Itemized  estimate  of  expenditures  per  person  per  day 
for  various  types  of  tourists 


Items 


Average  number  of  persons  per  party  '... 

Average  daily  miles  per  car. 

Cost  of  car  operation  at  $0.02  per  mile 

Cost  of  garaging 

Total  car  operation  cost  per  day 

Cost  of  car  operation  per  person  per  day. 

Cost  of  lodging  per  person  per  day 

Cost  of  food  per  person  per  day.. 

Miscellaneous  costs  per  person  per  day... 
Total  expenditures  per  person  per  day... 


3.1 

50 

$1.00 


1.00 
.32 


.75 
.75 
1.82 


2.3 

100 

$2.  00 

.75 

2.75 

1.20 

5  2.70 

2.25 

1.50 

7.65 


3.1 

50 

$1.00 


1.00 
.32 
'1.00 
.75 
.75 

2.82 


3.2 

100 
$2.00 


2.00 
.62 
.75 
1.00 
1.00 
3.37 


2.9 
!  120 
$2.40 


2.40 
.83 


1.50 

.50 

2.83 


'3.70 


1  Averages  obtained  from  questionnaires. 

2  Average  obtained  from  questionnaires.  All  other  daily  mileages  are  estimates,  as 
the  averages  obtained  from  the  questionnaires  are  not  considered  representative  aver- 
ages for  daily  mileage  for  the  entire  length  of  stay. 

3  Based  on  an  assumed  cost  of  $4  per  day  for  one  person;  $5  per  day  for  two  persons; 
and  reduced  to  a  unit  cost  for  a  party  of  2.3  persons. 

'  Based  on  an  average  rental  value  of  $3  per  day  for  a  period  of  100  days. 
»  Arithmetic  average  of  the  expenditures  for  all  other  types. 
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The  aAorage  dail}'  milcuges  per  car  given  in  Table  4 
were  estimated,  except  in  the  case  of  the  cars  passing 
through  tlie  State,  for  whicli  the  average  obtained  from 
the  questionnaires  was  used.  The  questionnaire  aver- 
ages in  general  refer  to  dailj^  mileages  while  touring, 
and  are  not  representative  of  the  daily  travel  of  pai'ties 
nudving  an  extended  stay  in  the  State.  The  estimates 
used  represent  an  attempt  to  allow  for  both  the  trip 
mileage  in  and  out  of  the  State,  and  the  daily  use  of 
the  vehicle  duiing  the  sojourn. 

The  average  daily  volume  of  foreign  cars  at  selected 
border  stations  was  used  in  computing  the  total 
yearlj'  volume  of  tourist  traffic.  A  considerable  por- 
tion of  foreign  traffic  near  the  border  is  an  "over-the- 
line"  movement  of  cars  for  business  purposes,  and  it 
was  necessary  to  apply  an  appropriate  correction  at 
each  station  to  eliminate  this  traffic.  The  proportion 
of  cars  staying  one  day  or  less  from  the  State  imme- 
diately adjacent  to  each  station  as  obtained  froni  the 
questionnaire  cards  was  considered  a  reliable  indica- 
tion of  this  business  traffic.  These  proportions  were 
accordingly  applied  to  the  total  foreign  traflic  at  each 
station  under  consideration  and  the  remainder  was 
assumed  to  represent  the  true  volume  of  tourist  traffic, 
shown   in   column   six   of   Table   5.     The    total    daily 

Table  5. — Estimate  of  automobile  tourist  traffic  per  year 


Sta- 
tion 

Route 

Direction 

Daily 
foreign 
passen- 
ger cars 

Reduc- 
tion 
factor 

Not 

daily 

foreign 

pa.ssen- 

ger  cars 

1 

Ferry ..  -  .  

809 

C57 

711 

195 

6 

4 

234 

94 

2,  546 

121 

1,976 

398 

851 

173 

291 

197 

62 

82 

58 

45 

76 

53 

36 

155 

13 

154 

108 

1,127 

i.ost; 

2,  312 

1,795 

20 

593 

7 

9 

28 

0.96 
.87 
.86 
.90 
1.00 
1.00 
.78 
.85 

■.l\ 
.67 
.81 
.76 
.93 
.84 
.94 
.89 
.87 
.82 
.92 

1.00 
.91 
.91 
.69 
.92 
.87 

I.  00 
.60 
.81 
.88 
.88 
.82 
.85 
.82 

1.00 

1.00 

845 

2 

do 

571 

3 

..do       

Oil 

4 

do - 

170 

5 

.do                  

0 

6 

do -.- 

4 

7 
8 

do. - 

do 

182 
80 

249 

US  12          . 

N.  andS  . 

1  808 

250 

CR 

S 

81 

251 

US  31   .  - 

N. and  S  . 

1.324 

260 

US  27 

S      

326 

280 

a?o 

us  112 

US  2 

S 

W     

047 
161 

3?1 

US  141 

SE 

244 

351 

US  2 

E.  and  W.  . 

185 

353 

M62 

W 

55 

355 

M26 

N.  andS.. 

71 

37?, 

M34 _ 

S 

48 

410 

M  73 

SW 

41 

412 

US  2 

s 

76 

468 

M34 

w 

48 

CR 

s     .. 

33 

474 

M  52 

s     . 

91 

519 

CR 

W    

12 

521 

US  41 

s 

134 

522 

M  35 

s 

108 

538 

US  223 

N 

670 

.539 

US  23. 

N 

880 

540 

US  24 

N.  and  S 

2,034 

541 

US  25 

1,580 

653 

TR 

S 

10 

654 

US  131 

S 

504 

655 

CR 

S 

6 

8,38 

CR 

w      ..    . 

9 

944 

CR 

s 

28 

Total  per  day 

Incoming  per  day.. 
Incoming  per  year. 


13,701 

6, 850 

2, 500, 260 


volume  of  tourist  traffic  at  all  border  stations  was 
13,700  cars  per  day  and  represents  both  incoming 
and  outgoing  cars.  One-half  of  the  above  total,  or 
6,850  cars  per  day,  may  be  considered  as  incoming 
tourist  cars,  or  2,500,000  cars  per  year. 

In  Tal:)le  6  the  estimated  expenditures  of  the  various 
t)'pes  of  tourists  and  the  percentage  of  each  type  are 
applied  to  the  total  incoming  traffic  to  obtain  the  total 
expenditures  for  each  type.  The  total  expenditures 
of  all  motor  tomists  were  approximately  $274,000,000. 
Whiie  this  estimate  is  admittedly  an  approximation. 


Table  6. — Estimated  yearly  tourist  expenditures  by  types 


Type 


Friends 

Hotels 

Summer  home 

Camping 

Through 

Miscellaneous. 


Person- 
days 
per  car  ' 


22.1 
17.5 
77.6 
31.6 
3.0 
4.3.  0 


3L0 


F-xpendi- 
tures  per 
person- 
day 


$1.82 
7.  05 
2.  82 
3.37 
2.83 
■3.70 


3.47 


F.xpencli- 

tures  jier 

car  iier 

visit 


.$40.  22 
133.  88 
218.  83 
106.  49 
8.49 
159  10 


109.  04 


Carsciitcr- 
mg  per  year 


837, 500 
735, 000 
452,  500 
240, 000 
132,  500 
102, 500 


2,  500,  000 


Expendi- 
tures per 
year 


$33, 700, 000 
98, 400, 000 
99, 000, 000 
25,  600,  000 
1,100,000 
16,  300, 000 


274, 100, 000 


'  Since  unit  expenditures  were  estimated  on  a  person-per-day  basis,  length  of  stay 
is  expressed  in  the  unit  "person-days"  for  purposes  of  computation.  It  docs  not 
correspond  exactly  to  the  figure  obtained  by  nuiltiplying  the  average  number  of  per- 
sons per  car  by  the  average  stay  per  car  becau.se  the  average  number  of  i>ersons  per 
car  varies  by  length  of  stay  as  well  as  by  type. 

it  serves  to  impress  the  tremendous  v.ilue  of  this  traflic 
to  the  State.  Total  foreign  vehicle-mileage  indicates 
a  consumption  by  foreign  cars  of  more  than  30,000,000 
gallons  of  gasoline,  and  gasoline  taxes  paid  by  owners 
of  foreign  vehicles  amounts  to  more  than  $900,000 
annually. 


TOURIST  TRAFFIC 
TOTAL  =  2,500,000  CAR3 


^   50 
z 

uJ 

O       „ 

cn    40 

UJ 

Cl 

JO 
ZO 
10 
0  -' 


63  7.500  CAR5 

3J5<Vo 
EXPENDITURE     _. 
'33,700.000,-   ' 
\Z  3°7o,-'' 

,''45^,500  CAR5 

la  l»7.) 
[,<PENDITURi: 
*  99,000.000 
36  l°7o 


TOURIST  EXPCMOITURES 

TOrAL=  274,100,000  DOLLARS 


274 
250 


735,000  CARS 

X^       [XPENDITURt 
*98.400,000 
35  9°7o 


<-  0 


240,000  CARS-EXPENDITURE    25,600,000 
96<Vo  9  3°7o        /  5  37o 

'  8 

102,500  CARS -EXPENDITURE   16,300,000 

4.1  '7o  6  O'/o 


32.500  CARS-EXPENOITURC    1,100,000 
0  4=7° 


FRIENDS 
SUMMER  HOME 


,.F6END 
HOTDLS       ^XXVi 
CAMPIM6     l>\\\^- 


THROUGH 
MISCELLANEOUS 


Figure  3. — Number  of  Tourist  Cars  and  Estimate  of 
Expenditures  by  Class  of  Tourist 

Of  equal  if  not  greater  importance  than  tlie  total  ex- 
penditures of  motor  tourists  is  the  relation  between  the 
volume  of  each  type  of  tourist  traffic  and  the  expendi- 
tures of  tliat  group.  Tourists  owning  their  own  summer 
homes,  representing  onh^  18.1  per  cent  of  the  total  tourist 
traffic,  are  resi)onsible  for  36.1  per  cent  of  the  total 
tourist  expenditures,  more  than  any  other  group. 
Furthermore,  the  expenditures  per  visit  of  tliis  class 
are  considerably  greater  than  that  of  any  other,  and  the 
advantage  of  endeavoring  to  increase  the  number  of 
this  kind  of  tourists  is  apparent.  Only  slightly  less 
valuable  is  the  hotel  visitor.  The  group  using  hotels 
forms  29.4  per  cent  of  the  total  traffic,  but  spends 
$98,400,000  per  year,  nearly  36  per  cent  of  the  total. 
These  two  groups,  comprising  slightly  less  than  one-half 
of  the  traffic  spend  iiearh'  three-fourths  of  the  total 
expenditures. 
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These  relationships  between  vohime  of  traffic  and 
expenditures  for  the  various  types  of  tourists  are 
shown  in  Figure  3. 

There  is  an  important  interchange  of  traffic  along  the 
Canadian  border,  but  what  might  be  termed  the  "bal- 
ance of  tourist  trade"  is  heavily  in  favor  of  Canada, 
considerably  more  cars  bearing  Michigan  tags  or  those 
of  other  States  entering  Canada  than  enter  Michigan 
with  Canadian  tags.  At  eight  ferries  and  bridges  there 
was  an  average  passenger  car  volume  of  9,696  per  day. 
Michigan  cars  constituted  71.4  per  cent  of  the  total, 
cars  from  other  States,  9.0  per  cent,  and.  Canadian 
cars,  19.6  per  cent,  as  shown  in  Table  7. 

The  greatest  volume  of  this  traffic  naturally  occurs 
between  Detroit  and  Windsor,  the  Ambassador  Bridge 
carrying  an  average  of  3,255  cars  per  day;  the  Bates 
Street  Tunnel,  2,141;  the  Windsor  Ferry,  2,504;  and 
the  Walkerville  Ferry,  986.  The  largest  part  of  this 
traffic  is  probably  an  exchange  of  business  traffic 
between  Detroit  and  Windsor,  but  there  is  a  very  con- 
siderable volume  of  tourist  traffic,  as  indicated  by  the 
volume  of  traffic  at  these  points  from  other  States. 
Detroit  is  a  convenient  point  of  entry  into  Canada  for 
tourists  from  the  United  States  because  it  is  the  ter- 
minus of  main  highways  from  Chicago  and  Toledo, 
while  Windsor  is  the  terminus  of  a  popular  route  from 
Niagara  Falls. 


Table  7.- 


-Densiiij  of  traffic  at  bridges  and  ferries  connecting  with 
Canada 


Location 


Ambassador  liiidge 

Bates  Street  Tunnel 

Windsor  Ferry 

Walkerville  Ferry 

Fort  Lambton  Ferry... 

St.  Clair  Ferry 

Port  Huron  Ferry 

Sault  Ste.  Marie  Ferry. 


Total  and  percentage. 


Average  daily  passenger  cars 


Micliigau 
cars 


Nil  ru- 
ber 

2, 3se 

1,4S4 

1,793 

791 

27 

17 

354 

75 


6,927 


Per 
cent 
73.3 
09.3 
71.6 
80.2 
81.8 
85.0 
60.2 
44.4 


71.4 


Foreign  cars 


Canadian 
cars 


Num- 
ber 
449 
497 
573 
164 
5 
3 
158 
48 


l.i 


Per 

cent 
13.8 
23.2 
22.9 
16.6 
15.2 
15.0 
26.  9 
28.4 


19.6 


other  cars 


Num- 
ber 
420 
160 
138 
31 
1 
(') 
76 
46 


872 


Per 
cent 
12,9 
7.5 
5.5 
3.2 
.3.0 


12.9 
27.2 


9.0 


Aver- 
age 
daily 
pas- 

Isenger 
Total  I  cars 
and 

tnicks 


3,255 

2,141 

2,  504 

986 

33 

20 

588 

169 


3,401 

2,  1G4 

2,581 

1,10! 

34 

22 

592 

177 


9,696    10,072 


1  Less  than  one  car  per  day. 

Traffic  of  Canadian  cars  between  Detroit  and  Wind- 
sor aggregates  1,683  per  day,  nearly  one-fifth  of  the 
total,  and  card  returns  indicate  that  about  50  per  cent 
of  this  volume  is  tourist  traffic. 

Traffic  at  other  points  along  the  Canadian  border 
is  very  much  lighter  than  at  Detroit,  although  there 
is  a  considerable  volume  at  Port  Huron  and  Sault  Ste. 
Marie.  The  Port  Huron  Ferry  carries  an  average  of 
588  passenger  cars  per  day — 60.2  per  cent  being  Mich- 
igan cars,  12.9  per  cent  from  other  States,  and  26.9 
per  cent  from  Canada.  The  ferry  at  Sault  Ste.  Marie 
carries  an  average  daily  traffic  of  169  cars — 44.4  per 
cent  of  which  are  from  Michigan,  27.2  per  cent  from 
other  States,  and  28.4  per  cent  from  Canada.  The 
ferries  at  Port  Lambton  and  St.  Clair  are  not  on  main 
routes,  and,  in  consec[uence,  carry  a  relatively  small 
volume  of  traffic. 


(Continued  from  p.  196) 
sidered  in  connection  with  the  through-.street-mileage  relation- 
ship.    Studying  all  available  data  the  typical  city  for  the  group 


under  10,000  population  was  estimated  to  have  43  per  cent  local 
traffic. 

Table  2  presents  the  data  on  city  traffic  of  local  origin  for  all 
cities  in  Michigan.  Detroit  is  listed  separately  in  the  table 
because  of  its  size  and  effect  upon  any  average.  The  other  six 
sample  cities  are  listed  next  and  in  combination  with  Detroit. 
Then  follows  the  data  for  group  1  and  group  2  cities.  Group  1 
cities  are  those  for  which  street  mileage  data,  as  well  as  popula- 
tion, are  available.  Group  2  cities  are  those  witli  more  than 
10,000  population,  but  for  which  the  mileage  data  are  lacking. 
These  are  followed  by  the  large  group  of  towns  and  cities  under 
10,000  population. 

The  procedure  used  in  combining  the  results  in  the  Michigan 
cities  was  as  follows:  (1)  Field  data  for  the  seven  sample  cities 
were  summarized;  (2)  percentage  of  local  traffic  determined  by 
the  population-local  traffic  relationship;  (3)  percentage  of  local 
traffic  determined  by  the  use  of  througli  street  percentage-local 
traffic  relationship;  (4)  a  final  average  secured  by  a  combination 
of  the  results  of  2  and  1,  and  3  and  1,  using  the  weighted  average 
for  each. 

Table  2. — Percentage  of  traffic  of  local  origin  in  all  Michigan  cities 


City  group 


Detroit' - 

Six  other  cities  of  survey  ' _- 

Seven  cities  of  survey  combined  ' 

Cities  over  10,000,  group  1 

Cities  over  10,000,  group  2 

All  cities  over  10,000  combined... 

Cities  under  10.000  3 

All  Michigan  cities 


Fopulation 


1,  569, 000 
496, 000 

2,  065,  000 
572, 000 
296, 000 

2. 933, 000 
663, 000 

3,  596,  000 


Weighted  average 
percentage  of 
local  traffic,  as 
determined  by- 


Popula- 
tion of 
city 


Per  cent 
80.9 
76.1 
79.7 
64.8 
64.1 
75.2 
43.0 
69.3 


Mileage 

of 
through 
streets 


Per  cent 
80.9 
76.1 
79.7 
65.6 
2  64.5 
75.4 
43.0 
69.5 


'  Actual  percentages,  from  field  data. 

2  Estimated  from  group  1  cities. 

>  Estimate  determined  by  use  of  both  population  and  through  street  mileage. 

The  percentages  of  local  traffic  in  the  third  column  of  Table  2 
are  either  the  weighted  averages  obtained  from  field  observations, 
or  are  obtained  from  the  data  of  Figure  2.  These  percentages  are 
weighted  by  the  poinilation  of  the  city  or  group  of  cities  to  give 
an  average  of  69.3  per  cent  local  traffic.  The  percentages  of  the 
last  column  are  those  obtained  from  the  field  data  or  from  the 
data  of  Figure  3  and  are  again  weighted  by  iJOimlation  to  give  a 
combined  figure  of  69.5  per  cent  local  traffic  in  the  cities  of 
Michigan  as  a  whole. 

The  differences  in  the  final  percentages  obtained  are  slight, 
the  figures  varying  from  69.3  to  69.5  per  cent  local  traffic  for  the 
State  as  a  whole.  Since  the  weighted  average  for  traffic  of  city 
origin  probably  best  represents  the  actual  condition,  and  since 
the  unweighted  averages  vary  little  from  the  above  figures, 
the  final  percentage  of  local  traffic  for  all  incorporated  places  in 
Michigan  is  estimated  to  be  69  per  cent  of  the  total  traffic  of 
these  cities. 


CORRECTION 

Vol.  13,  No.  10,  Deceml)cr,  1932. — In  the  article  entitled 
"The  Problem  of  Motor  Vehicle  Regulation,"  Appendix 
B,  page  168,  the  following  note  was  included  under  the 
heading  "Remarks,"  and  appeared  opposite  the  entries 
for  the  State  of  Maine: 

Truck  tractor,  4-wheel  semi  and  6-wheel  full  trailer,  maximum  gross  80,000 
pounds.  No  combination  including  more  than  1  semitrailer  or  full 
trailer  may  be  operated  at  more  than  10  miles  per  hour. 

The  note  should  be  read  to  apply  to  the  State  of 
Marvland. 
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A  brasioii  tests  of  coarse  aggregates 32-37,  Sfi 

Absorption  tests,  absorptive  properties,  of  aggre- 
gates.  32-37,50,65,174,178 

Acceleronieters 54, 108, 137-13!) 

Accidents,  highway;  highway  safety 45, 

55,74-88,148,153-167 

Adhesive  properties  of  soils,  sticky  limit 121 

(text  and  fn.),  128 

Administration,  highway 55, 185, 187 

see  also  headings  beginning  Federal,  State. 

Age  limits  for  motor  vehicle  drivers 156, 166, 167 

Age-strength  relations  of  briquets  and  of  concrete.  32-34, 
65,  66,  68,  69, 106, 119, 178-180 

Agg,  Prof.  T.  R _. 193, 194 

Aggregates: 

costs  and  production 21-26, 30,  54, 55 

segregation 65-67,09,72, 120 

types  and  gradings  used  and  effects  observed.  32-38, 
50  (fn.),  64,  65,  104-100,  119,  120, 136, 150, 176-184 

Alabama  highways  and  related  data 20, 

39,  40,  50,  51,  70,  71, 89-96, 104,  149, 166,  167 
see  also  Federal-aid. 
Allegheny  County,  Pa.: 

cooperative  tests  of  bridge  slabs,  a 105-120 

.\nalyses,  see  Bitumen,  bituminous  materials— 
Dunagan  method— Sieves. 

Anderson,  Andrew  P.,  a 97-103 

Apparatus,  see  names  of  kinds  of  apparatus;  also 
names  of  tests  and  of  processes  in  which  appa- 
ratus is  used. 

.\rizona  highways  and  related  data 1-18,  20, 39,  40, 

50,  51,  70.  71, 89-96, 104, 149, 155, 158, 166, 167 
see  also  Federal-aid. 

Arkansas  highways  and  related  data 20, 

39,  40,  50,  51,  70,  71,  89-96, 104,  149, 158,  166, 167 
see  also  Federal-aid. 

Asphalt  cements,  bituminous  binders 91, 

93-96, 120, 169-170, 184 
Asphalt  content  test  of  asphaltic  materials...  90, 92-95 

Asphaltenes _._ 95,96 

Asphalts,  see  Bitumen— Bituminous  roads. 

Assessments,  property 193 

Atterberg  soil  tests 52,121-130, 136 

Automobiles,  see  Motor  vehicles. 

Aviation  gas  tax._ 71 

B 

Bars,  steel,  see  Steel. 

Basalt  concrete,  freezing  test  data 32-.38 

Base  courses 104, 120,150,151,169-176 

Batching  plant  in  concrete  paving  work,  a 97-103 

Beacons  (flashing,  reflecting) 74,75,78,86 

Bending  moments,  bending  stresses: 

in  concrete 177-184 

see  also  Flexural  strength— Stresses. 

Bibliography  and  lists  of  publications 52-56, 

136;  rear  covers  of  Nos.  1,  2,  4,  5,  10-12 
Binders,  binding  materials: 

bituminous  binders 91,93-96, 120, 169-176, 184 

clay  binders 175 

Bins,  see  Material  handling. 
Bitumen,  bituminous  materials: 

analyses  and  results  of 89-96, 104, 171, 176 

liquid  asphaltic  materials,  rationalization  of 
test  requirements,  a 89-96, 104 

paving  asphalts,  grades 96, 104 

physical  changes  after  exposure 1 76 

types  and  application  methods  used... .'J3, 

95, 104, 120, 136, 169-176, 184 

see  also  Fillers. 
Bituminous  roads: 

bituminous  concrete  roads 17, 

55,  104, 120,  148,  149 

bituminous  macadam  roads 18, 104, 148, 149, 193 

see  also  Impact— State  highways. 

Bituminous  surface  treatment  of  roads 17, 

53,  104,  136,  149, 169-176, 184 

Blanchctte,  William  A.,  a 151-152 

Bond: 

between  concrete  and  steel 105, 118-120 

between  mortar  and  aggregate  in  freezing 

concrete. -- 34-36 

in  treated  and  in  untreated  soil  roads 169, 

170, 174, 175 
Bonds: 

and  insurance  as  factors  in  costs  of  roads. 22, 

23.  26,  29,  30 

highway  bonds 20,40,55,70,71,193 

"Bottlenecks"  and  traffic  movement 6 

Boulevards  and  parkways... 56,79,83-88, 148, 149 

Braking  of  motor  vehicles 157, 162, 164, 167 

Brick  pavements 20,  54, 104, 148-151, 193 

Bridges  and  bridge  traffic 20, 

40  (fn),  54-56, 142, 143, 164, 160,  200 
British  design  of  road  intersection 80 

179182—33 


rage 

Brown,  It.  I).,  a 47-52,104 

Buchanan,  James  A.  (J.  A.),  a.,  r.  to  p .54, 

137-147,151,161  (fn) 
Bulletins: 

discontinuance  of.  _  - 52 

see  also  Bibliography. 


Caliche  road 17 

California  highways  and  related  data _.   1-20, 

39,  40,  47,  49-51,  70,  71,  79,  81,  89-90,  104,  149, 
l.''i5-l.W,  100.  166,  167 
see  also  Federal-aid. 

Canad.i-Micliii'an  trallic 197-200 

Capillarity  of  soils,  capill;iry  moisture  in  soils..  .53,   .W, 

00, 175 
Carbon  content  of  bituminous  materials.  92,  94, 171, 176 
Carbon  disulphide  test  of  bituminous  materials..  90, 

91,94,  9.'>,  176 
Carbon  tetrachloride  test  of  bituminous  materials.. 92,94 

Casagrande,  Arthur,  a.  and  r.  to  p 121-1.30, 136 

Cement  and  cement  handling 21-32, 

54,56,65,97-103.119,178 
see  also  Proportioning. 

Cement  grout  filler,  use 150 

Centrifugal  force,  relation   to   vehicle  speed   at 

highway  curves 73 

Ceramic  industry  and  materials 121  (fn),  136 

Certificates  of  convenience  and  necessity 155, 

159-161, 165 

Certificates  of  title,  motor  vehicle 155, 163, 166, 167 

Chauffeurs,  see  Drivers. 

Cigarettes,  motor  vehicle  legislation  concerning.      156 

Circular  roadways 74-88 

City  streets  and  traffic,  citv  owned  motor  vehicles.  13, 
10,  20  (fn),  40  (fn),  70,  71,  148,  149,  167,  185,  187, 
190-196,  200 
Classification: 

of  highways,  see  Traffic  studies, 
of  soils,  see  Soil  classification. 

Clays  and  clayey  soils,  clay  content  of  soils ,13, 

57-59,  65,  121-i:j0, 136, 170,  175,  178 

Clearance  of  overhead  structures,  r 164 

Climatic  conditions,  weather  conditions,  as  af- 
fecting: 

design  of  concrete  pavements 48,49 

road  surfaces 18, 176, 1.S4 

soil  test  procedure 125-128 

traffic  density... .._ 3,6, 18, 187 

Code,  vehicle 161, 163-165 

Cohesion  in  soils 58, 121  (text  and  fn),  127, 130, 175 

Colloid  content  of  soils 58,59, 127 

Colorado  highways  and  related  data 1-18,20,  39, 

40.  50.  51,  70,  71,89-96,  104,  149.  155,  166,  167 
see  also  Federal-aid. 
Columbia  Island,  stabilization  by  drainage.  _  57-63,  72 

Common  carriers. 2,3,55, 153-168 

see  also  Freight— Railroads 
Compaction,  see  Placing  of  concrete— Stabiliza- 
tion, 

Competition  between  forms  of  transport 19, 

153,157-162,165,166 

Compressibility  of  soils.. 59,60, 122-124, 130, 136 

Compression  tests,  compressive  strength,  of  con- 
crete  53,54,66,08,69,72,  106,  112,  114,  117,119,  177 

Compressive  stre.sses  in  steel  reinforcement 105-120 

Concrete: 

fresh  concrete,  wa.shing  machine  for 151-152 

placing  methods  and  effects  of 54, 

64-69,72,106,119,120 

r.  to  p 53-56 

resistance  to  frost  action 32-38,54, 101 

size  of  specimen,  effect  upon  flexural  strength  .177- 

184 

Concrete  ba.ses  of  road  surfaces 120, 150, 151 

Concrete  batching  plant,  a - 97-103 

Concrete  bridge  floor  slabs 54,56,  105-120 

Concretemixers 55,  6.5, 97-1 0;j,  106 

Concrete  mixing  methods 33, 5,5, 65, 97, 103, 106, 178 

Concrete  pavements: 

construction,  cost  distribution.. 21-31, .38 

<lpsign  features 47-52,54, 104 

impact  test  data... 141-147,151 

see  also  Foderal-aid— State  highways. 

Concrete  reinforcement,  reinforced  concrete 21-23, 

28,  30,  47-50,  53,  56, 105-120 

Condition  data  for  roads,  wear  of  roads 16, 

18,  53,  ,M,  104, 120,  136, 151,  169-176,  184 

Conferences,  conference  committees 161-163 

Connecticut  Avenue  experimental  road f>'.i. 

54,101,  120,  i:i6,  1.50, 151 

Connecticut  highways  and  related  data 10(fn.), 

19,  20,  39-46,  50,  51,  70,  71,  89-96,  104,  119,  155. 
150, 166,  167. 
sec  also  Federal-aid 


Consistency:  Page 

of  bituminous  materials,  see  Penetration. 

of  cement,  test  results.. 0,5,178 

of  concrete,  slump.. 33, 

34,  53,  64,  65,  07-69,  72,  106,  178,  181 

of  soils 52,121,  126,128 

see  alsn  Plasticitv. 
Contract  hauling,  motor  truck.  2, 3, 154, 157-162, 164-166 

Contract  work,  contract  forms 21-24,52 

Contraction: 

of  concrete.- ,53. 118, 119 

of  soils,  see  Shrinkage. 

Corrections,  correction  factors 91, 108, 118, 152 

Corrugations,  road 53, 141-144 

Cost  data: 

for  bituminous  roads 101, 120,136.109-176.184 

for  brick  road  on  concrete  base 150. 151 

for  concrete  roads 21-31,  38,  UK),  102,  103.  i:>6 

for  gravel  roads  (general) 18 

see  also  Accidents— Federal-aid— Operating 
costs— 'I'ourist  tralfic. 

Cost  price,  motor  vehicle 1.58 

Couiitv  roads  and  traffic  upon.  20  (fn),  40,  71,  18.5-193,190 

Cover  material 169-176,  184 

Crack  fillers,  joint  fillers 49,51,52,  150,151 

Cracks: 

in  roads  and  slabs. 49,  53,54, 

111.118.119,136,150,151,164  (fn),  174,  184 

in  soils 57.60.62,03 

Crane  operation,  cranes 97.98. 101 

Critz.  Paul  F..  (joint  author),  a 169-176, 184 

Cro.sswalks  at  highwav  intersections 79 

Crowns,  road 47,48,50, 184 

Cup  flash  testers 91,94 

Curbs,  curb  radii 48,54,73-88 

Curing  methods,  curing  periods  for  concrete 33, 

34,  .53,  54,  6.5,  66,  106,119,178 

Curves,  highway.. 52,74-88,144,164 

Cushioning,  see  Impact— Sand  cushion. 

Cut-back  products 91-96, 104, 169-176, 184 


Davis,  G.  W.,  (joint  author),  a 105-120 

Deflection-measuring  equipment 117 

Deflections: 

in  concrete  bridge  slabs 10,'),  107-120 

in  springs. 110,  i:i8,  i:i9 

in  steel  reinforcement 107-120 

Deformations  of  motor  bus  tires... 137-140 

Delaware  highwavs  and  related  data. .  19.  20.  .39, 40.  .50, 
51,  70,  71,  89-96,  104,  149,  1.56,  157,  1.59,  106,  167 
see  also  Federal-aid. 

Delaware  River  Bridge  tests 56, 105  (fn),  108 

Dcn.sity,  traffic,  see  Traffic  studies. 
Depreciation  and  depletion  as  factors  in  highway 

co.sts 23,25-31,88 

Depth,  srr  Thickness. 

Design,  highway 6,7.16,18,47-54,73-88,101 

see  also  names  of  ty  lies  of  highways  and  names 
of  features  of  design. 

Diaba.se  concrete,  freezing  test  data 32-38 

Diatoms 59 

Dikes,  Coliunbia  Island 60-63 

Disintegration  of  concrete  and  of  aggregates..  3:5-38,64 

Distillates,  distillation  tests..  71,89-96, 104, 169, 171,  176 

District  of  Columbia,  streets  and  related  data...  39-41, 

45,  46,  53,  .54.  .57-63,  70-72.  76.  77,  81,   104,   120, 

136-147,  1.50,  151,  153-155,  159,  163,  167,  168. 

Dollar,  highway,  a 21-31,38 

Dolomite  chats 171 

Dolomite  concrete,  freezing  test  data 32- .'IS 

Dowels,  dowel  steel 28,47-52 

Drainage  and  drains 57-63,  72, 136 

Drivers  of  motor  vehicles,  chauffeurs'  permits 40, 

41,156,1.59-167 

Dual  roads 148.149 

Ductility  test  of  residue.. 91,92.94.95 

Dunagan  method  of  analysis  of  concrete..  66.67,72. 151 

Durability  of  concrete 64-69,72.  120 

Dust,  limestone,  as  filler 120 

Dust  prevention,  dust  layers 91, 169, 184 

D ye  ad.sorption  test  results  (topsoil ) 1 70 

Dve  test  of  bond  of  steel  and  concrete 118,119 


Earth  and  gravel  roads I(>-1S. 

20,  47,  ,53,  144,  149  (fn.),  169-176,  184 
Economics,  highway,  see  Farm  freighting— Im- 
provement   of    highways— Operating    costs- 
Regulation,  motor  vehicle— Traffic  studies. 

Edge  design  of  concrete  pavements,  edge  bars 47  51 

Edge  tests  of  concrete  bridge  slabs....  107, 109, 110,  111 
Elasticity: 

of  concrete 54,109,112,1)8 

of  soils  as  affected  by  mica  content 136 

Electricity  in  scalelike  particles  of  soil. 128 

Employment,  see  Drivers— Unemployment. 
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E  imilsions.  emulsified  asphalts,  use.-. 171-176 

E(|uiliiiient,roiKi  building 21-31,54,55,97-103 

E  vaporation  or  soil  moisture-  57, 60, 63, 125-127, 130, 175 

Excise  taxes 150,158 

Exemption,  tax 39,70, 150 

E  xi)ansion: 

of  concrete 53, 150 

of  mortar  during  freezing 33-38 

ofsoils 57-59 

Ex  penditures: 

by  tourists,  Michigan  data 198, 199 

highway  expenditures.. 16, 

20-31,  38,  .55,  56,  153, 1.54,  185,  192-194 
see  also  Federal  aid— Revenues,  highway. 

E  X  per  i  men  t  al  roads 53, 

54,  104,  120,  136,  150,  151,  169-176,  184 
Exjilosives 27 


Farm  freighting  by  motor  truck 19 

Farm  machinery,  e.xemption  from  restrictions.  167  (fn.) 
Farm  ownership,  rural  ownership,  of  motor  ve- 
hicles  1-3,10,155,159,  161 

Federal-aid  road  act 21, 154 

Federal-aid  road  construction.. 21-31, 

38,  47-.52,  54. 55, 104;  rear  covers  of  Nos.  1-11 

Federal  control  of  highway  transportation 165, 166 

Fees,  see  License  fees — Mileage  fees— Kegistra- 
tionCs). 

Feldspar  powder 128. 129 

Ferry  tralBc,  Canada-Michigan 197-200 

Fillers 49.51,52,120,150,151 

Fills,  earth. 52,57-63,72,142,144,150 

Finance,   highway,  see  Expenditures— Federal- 
aid  —  Improvement  —  Revenues  —  State  high- 
ways. 
Financial  responsibility,  motor  vehicle  regula- 
tions concerning 1.55,156,160-163,  165 

Fines 40,71,161 

Finishing  of  concrete,  methods 48,106, 120, 178 

Flash  point  tests  of  bituminous  materials.  91,  92,  94,  171 

Flexural  strength,  flexure  tests,  of  concrete 33, 

34,38,54,105,177-184 

Float  tests  of  bituminous  materials 90-94, 171,  176 

Florida  highways  and  related  data 19, 

20.  .-(9,  40,  50,  51,  54,  70,  71,  85,  86,  89-96,  104.  149, 
156,  l.W.  166.  167 

see  also  Federal-aid. 
Flow: 

ofsoils,  flow  curves 58, 121-130 

see  also  Consistency — Traffic  studies. 

Flow  table  as  apparatus  for  soil  test 128 

Flux,  fluxes,  fluxing; 

bituminous  fluxes,  fluxing 91,93,95,96,104,120 

furnace  flux,  production  data 25 

Forecasts,  trafl^c 1,.3, 10-16, 18, 131-1.36 

Foreign,  nonlocal,  traffic  on  highways 1-5, 

9-12, 15,  19, 131, 132, 153-166, 185-200 
Forms,  deep; 

concrete  placed  in,  segregation  of  water  in.  64-69, 72 
Freezing; 

of  concrete  and  of  aggregates 32-38,54, 104 

of  soils 53,  57 

Freight,  freighting 19,21-31, 102, 103, 155, 164(fni 

Friability; 

of  concrete  aggregates 35-38 

ofsoils,  friable  soils 125, 170(fn.),  175 

Friction,  hydrodynamic,  in  soils. 125 

Frictional  stresses  in,  friction  tests  of,  concrete..  48,53 

Fruit  transportation 19,  .55 

Fuel  and  power,  cost  data 23-31 

Fuel  tax,  see  Gasoline. 

G 

Oasoline  consumption,  gasoline  tax,  fuel  tax 10-12' 

28,  29,  40(fn),  55,  70.  71.  132.  1.58,  164,  165,  190, 198,  199 

Cieorgia  highways  and  related  data. 20, 

39,  40,  50,  51,  53.  ,56.  70,  71, 89-96,  104, 149,  166, 167 

see  also  Federal-aid. 

(ilacia!  soils 127, 130 

(trade  cro.ssings 6,  55, 103 

tirade  separal ion 79,  83(fn),  87, 88 

(trading; 

highway  grading 54,55,57,78,85 

see  also  Aggregates— Soil  groups. 

drain  size  curves  for  different  materials 128, 129 

(irants  of  highway  funds 40,70,71, 185, 192,193 

(Iravel,  see  Aggregates— Earth  and  gravel  roads- 
Glacial  soils — Gravel  concrete. 

Gravel  concrete 32-38,54.64-69,72, 105-120,136 

Grooving  tool,  soil 122,12.3, 125, 127, 128,130 

Ground-water  elevation  of  .soils 59-61 

Grouting  of  brick  road 1.50 

G  y  psu  ni 27 

H 

Handling,  material 21-31.97-103 

Hardening  of  bituminous  materials 93-96, 172, 176 

Harrison,  J.  L.,  a 21-31,38 

Haul,  hauling....   1-3,9, 10, 19,  28,  .54,97-103, 154, 1,57-160 

Hawaii,  highways  in,  see  Federal-aid. 

Heaving: 

of  joints,  effect  on  impact 141-143 

of  soils,  freezing  ofsoils 53.  57 

Hiring,  for-hire,  motor  vehicles;  taxis ,39,5,5, 153-167 

Hogentogler,  C.  A.,  (joint  author),  a.  and  r.  to  p.  57-63, 

Holiday  traffic,  Sff  Traffic  variations. 

Holmes,  E.  H..  (joint  author),  a 73-88 

U oney combing  of  aggregate 37 
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Horsepower,  motor  vehicle 158 

Hubbard,  Prevost,  (joint  author),  a 89-96,104 

Humidity  as  alTecting  soil  test  procedure 125-127 

Hydrostatic  uplift  ofsoils 58 


Ice  machine 33, 34 

Idaho  highways  and  related  data 1-18, 

20,  39,  40,  70.71,  89-96,  104, 149,  15.5, 158, 166,  167 
see  also  Federal-aid. 

Illinois  highways  and  related  data 19, 

20,  39,  40,  50,  51,  55,  70,  71,  74,  80,  88-96,  104,  148, 
149,  157,  166.  167,  185,  197,  198. 
see  also  Federal-aid. 

Impact  machine,  imjiact  te.sts 54, 

105-120, 137-147,  151, 162, 164  (fn^ 
Improvement  of  highways,  hishwav  planning..        10, 
13,  16,  18,  21-31,  38,  52,  55,  56,  73-88,  131,  132,  189, 
193, 194. 

Indexes  to  Public  Roads,  notice. 103 

Indiana  highways  and  related  data 19, 

20,  39,  40,  50,  51,  70,  71,  81,  82,  89-96,  104,  149,  156, 
166,  167,  197,  198. 
see  also  Federal-aid. 
Inspection  of  motor  vehicles,  compulsory .  157, 166, 167 
Insurance; 

as  factor  in  costs  of  road  construction 22,  29,  30 

compulsory  insurance  of  motor  vehicles 155, 

156,  160-163,  165 

Intersections,  highway 73-88,187,194,195 

Interstate  traffic,  see  Foreign,  nonlocal,  traffic. 

Iowa  highways  and  related  data 20,  39,40.  .50,  51, 

70,  71,  89-96,  104,  149,  156, 157,  166, 167,  185,  193 
see  also  Federal-aid. 
Islands,  traffic .. 74-88 


Jackson,  F.  H.,  (joint  author),  a....  32-38.64-69,72, 104 

Job  margin  in  concrete  road  construction 22 

Johnson,  Uean  A.  N.,  a.  and  r 41-46, 148 

Joint  fillers,  crack  fillers 49,51,52,150,151 

Joints: 

in  brick  exjierimental  road 1.50 

in  concrete  pavements 28,47,49-52,141-143 

K 

Kansas  highways  and  related  ciata 20. 

32,  39,  40,  50,  51,  70,  71,  74,  89-96,  104,  149,  153. 
158, 160.  166,  167. 
see  also  Federal-aid. 

Kaolin 125 

Kellermann,  W.  F.,(aulhor  and  joint  author),  a,      64- 

69,72,  177-184 

Keiley,  E.  F.,  (joint  author),  a 89-96,104 

Kelly,  H.  H.,  a 1.53-168 

Kentucky  highways  and  related  data 2(1, 

39,  40,  50,  51,  70,  71,  89-96,  104,  149,  160,  166,  1(17 
see  also  Federal-aid. 


Labor,  see  Drivers — Material  handling. 

Laud  rentals  in  concrete  paving  work 102, 103 

Land  requirements,  rights  of  way,  for  highways..       74, 

77-80,84,85,87,148 

Lanes,  traffic 4 1-49,  73-88, 148, 1 49 

Legislation,  highway  and  vehicle 21, 

55,  1 53- lfJ8,  185,200 

Liability,  iniblic 155, 156,  160-163, 165 

Libraries  receiving  Public  Roads,  notice 52 

Licen.se  fees,  licen.ses,  and  permits 39, 

40,  46,  55,  70,  71,  1,55,  156,  158,  161-168,  198 
Lighting; 

of  highways,  traffic  lights 74,75,78,86,187 

of  motor  vehicles 157, 162, 164 

I/imestone,  agricultural 25 

Limestone  concrete 32-38,120, 136, 177-184 

Limestone  dust,  limestone  screenings.. 120 

Liquid  asphaltic  materials,  test  requirements..  89-96, 

104 

Liquid  limits  of  soils  and  of  soil  constituents 58, 

60.  121-130,  136,  170.  175 
Load,  loading,  see  headings  beginning  Compress- 
ibility,  Compression,   Flexural,   Impact,  Ma- 
terial, Pressure,  Regulation,  Static,  Unloads. 

Loam  subgrade  of  experimental  road 1 36 

Local  roads,  county  roads,  township  roads 20, 

40,70,71,185-194,196 

Louisiana  highwavs  and  related  data 11. 

20,  39,  40,  50,  51,  70,  71,  75,  81-83,  89-96,  104,  149, 
160,  166,  167. 
see  also  Federal-aid. 

M 

Macadam  roads,  bituminous  macadam  roads...       18. 
20.  104,  141,  143,  148,  149,  193 
Machinery,  see  names  of  kinds  of  machinery— 
also  names  of  tests  and  of  processes  in  which 
machinery  is  used. 

Maine  highways  and  related  data 10, 

19,  20,  39,  40,  50,  51,  5.5,  70,  71,  89-96,  104,  149,  155, 
156,  1.58,  166,  168,  200. 
see  also  Federal-aid. 
Maintenance  and  costs  of.  highway  ..  16, 

18,  20,  70,  71,  104,  120,  136,  150,  151,  160,  169-176, 
184,  185,  187,  193,  194. 
Maps,  see  Columbia  Island— Traffic  studies. 

Markers,  traffic 76 

see  also  Signs  and  signals. 
Markets,  farm  freighting 19 
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"Marx  plan" 156 

Maryland  highways  and  related  data 10, 

19,  20,  39-46,  50,  51,  54,  70,  71,  81,  89-96,  104,  137- 
149,  151,  156,  158,  166,  168,  200. 
see  also  Federal-aid. 

Massachusetts  highways  and  related  data 10, 

19,  20,  39-46,  50,  51.  56,  70,  71,  75,  76,  81-83,  86, 
87,  89-96,  104,  149,  156,  166,  168. 
see  also  Federal-aid. 
Massachusetts  Institute  of  Technology,  soil  re- 
search   121-130, 136 

Mass-production   methods  on  secondary  high- 
ways  185 

Mastics,  poured 49 

Material  handling  in  concrete  paving 21-31,  97-103 

Materials  for  road  construction: 

cost  data  for  concrete  pavement  construction.  21-31 
see  also  names  of  materials— a/so  Material 
handling. 
Mats,  see  Bituminous  surface  treatment— Con- 
crete reinforcement. 

Medial  strips  in  highways 74 

Mica  as  soil  constituent,  mica  powder 123, 

125,128,129,136 
Michigan  highways  and  related  data 10, 

19,  20,  39,  40,  50,  51.  70,  71,  89-96,  104,  148,  149, 
158,  167,  168,  18.5-200. 

see  also  Federal-aid. 

Micrometer  dials,  micrometer  adjustment 108,138 

Mileage  data: 

highway  and  street  mileages 1,3, 

14.  15,  20,  47,  55,  148,  149,  153,  154,  163,  185,  187, 
189,  192,  194-196,  200. 
see  also  Federal-aid. 

vehicle  mileages 1 , 

3,  4,  9,  10, 12-14,  19,  185,  189-194, 197-199 

Mileage  fees,  motor  vehicle 160 

Mineral  composition  of  concrete  aggregates 32-38, 

54, 178 

Minnesota  highwavs  and  related  data 20, 

32,  39,  40,  50,  51,  70,  71,  89-96,  104,  149,  156, 167,  168 
see  also  Federal-aid. 

Mississippi  highways  and  related  data 20, 

39,  40,  50,  51,  70,  71,  89-96,  104,  149, 160,  167,  168 
see  also  Federal-aid. 

Missouri  highwavs  and  related  data 20, 

39,  40,  47,  50,  61,  53,  70,  71,  81,  89-96,  104,  149,  158, 
167,  168. 
see  also  Federal-aid. 

Mixed-in-place  treatment  of  topsoil  road 172, 175 

Moisture: 

protection  of  concrete  bridge  .slabs  against..  105, 120 
see    also    headings    beginning    Water— o/so 
Capillarity— Consistency— Drainage- 
Evaporation  —  Liquid  limits— M  o i  s t  u r e 
equivalent— Plasticity— Shrinkage. 

Moisture  equivalent  ofsoils 58,  .59, 170 

Molding; 

of  concrete  test  specimens 33, 178 

ofsoils,  effects 129,130,  i:j6 

Montana  highways  and  related  data 20, 

39,  40,  55,  70,  71,  89-96,  104,  149, 167,  168 
see  also  Federal-aid. 
Mortar  as  cause  of  failure  of  concrete  during  freez- 
ing  33-38 

Mortar  voids  ratios  of  test  concretes 178 

Motor  vehicles: 

busses  and  bus  transportation 3, 

12,  39,  40,  42,  43,  54,  55,  81,  86,  137-147,  151,  154, 
164  (fn),  167,  187,  189. 

motor  cvcles 39,40,154  (fn) 

number  in  United  States,  1931 40, 153, 154,  163 

ownership 1-3, 

10,  154,  1.55,  1.57-159, 164,  165,  185, 187, 190-192, 194 

persons  per  vehicle 3,12,13,197,198 

trucks  and  truck  transportation 1-12, 

19,  24,  26,  28,  .39.  40,  42-44,  53,  55,  97-103,  132-136, 
153-168,  187.  189,  194,  200. 
see  also  Gasoline  consumption— Mileage  data- 
Operating  costs— Registration  (s)— Regula- 
tion,    motor     vehicle — Tax     exemption — 
Traffic  studies. 

Mount  Vernon  Memorial  Highway 48, 

57-63,  72, 86,  88, 148 
Muck  and  sand  fill,  stabilization,  a 57-63,72 

N 

Naphtha 91,9.5,96.171 

National  associations,  boards,    and   conferences, 
see  Regulation  of  motor  vehicles. 

Nebraska  highways  and  related  data 1-18,20.  .39, 

40.  50.  51,  70.  71.  89-96,  104,  149, 155, 156, 167,  168 
see  also  Federal-aid. 

Nevada  highwavs  and  related  data 1-18, 

20,  39,  40,  70,  71,  89-96, 104,  149,  155, 167, 168 
see  also  Federal-aid. 

New  Hampshire  highways  and  related  data 20, 

39,  40.  50,  51,  55,  70,  71,  89-96,  104,  131-136,  149, 
1.55,  156, 1(57,  168. 
see  also  Federal-aid. 
New  Jersey  highways  and  related  data 19, 

20,  39-46,  50,  51,  70,  71,  81-83,  89-96,  104,  149,  1,56, 
167,  168. 

see  also  Federal-aid. 

New  Mexico  highways  and  related  data 1-18, 

20,  39,  40,  70,  71,  89-96,  104,  149,  15,5, 158,  160, 167, 168 
see  also  Federal-aid. 
New  York  (State)  highways  and  related  data...       19, 
20,  39-46,  60,  51,  53,  70,  71, 81-83, 86,  89-96, 104, 148, 
149,156,160,167,168,185. 
see  also  Federal-aid. 


INDEX    TO    PUBLIC    ROADS,    VOLUMK    13 


Page 

Noiiskid  tralinent  of  roads 169-176, 184 

North  Carolina  liif;lnvavs  and  related  data 20, 

;i',l.  40,  fiO,  51,  r).1,  .'■)(i,  70,  71.  8<.M)6,  104,  148,  149,  156, 
l.W.  167,  168,  18,1. 
ace  also  Kederal-aid. 

Nortli  Dakota  hiirhwavs  and  related  data 20, 

:«l,  40,  M,  ,51,  70,  71,  89-96,  104,  149,  15(),  167,  168 
.sYc  also  Kederal-aid. 

O 

Ohio  highways  and  related  data 10  (fn), 

20,  39,  40,  50,  51,  .5:!-,55,  70,  71,  89-96.  104,  148,  149, 
1,5,5,159,167,168.197,198. 

sir  also  Kederal-aid. 

Oil  bath,  use  in  viscosity  test . ..         93 

Oil  consumption 27,198 

Oil  tax  on  motor  vehicles. - .     ._   1,50, 158 

Oil  treatment  of  roads 17,53,  169-176, 184 

Oiled  edge  hars,  oiled  dowels.     .   47,51 

Oils,  sfc  headings  beginning  Bitumen,  Oil,  Oiled. 

Oklahoma  highways  and  related  data 20, 

39,  40.  .50,  51,  70,  71,  89-96,  104,  149,  156,  158, 167,  168 

see  also  Kederal-aid. 
Operating  costs: 

of  equipment  in  road  construction 28 

of  motor  vehicles 16,  182,  184, 193,  194, 198 

Oregon  highways  and  related  data 1-18,  20. 39. 40.  .50, 

51,  5,5.  ,56.  70.  71.  81-83,  89-96,  104,  149,  1.5.5.  167,  168 

see  also  Kederal-aid. 
Organic  matter...  58.60. 121    (fn).    125. 127. 13f).  171. 178 

Overhead  in  road  construction 22.23 

Oxidation  of  asplialtic  materials 9,5,  96 


ParafTine  scale  test  of  asphaltic  products 92,94 

Parallel  routes  in  highway  design 6 

Parking,  vehicle 73,74,81-83,163,186,187 

Parkwavs 56,  79.83-88,  148, 149 

Patrols,  highway... 40(fn),71.  1.59.  165-167 

Paving  requirements  at  highway  intersections   ,       78, 

79,  85 

Peabody,  L.  E.,  a 1-18,  131-136 

Peat ,52,  .57..5S 

Pedestrians 74.77.79.81,83,  156, 163 

Penetration  of  bituminous  materials,    penetra- 
tion tests 89-96, 104, 169-172,  174, 176, 184 

Pennsylvania  highwavs  and  related  data 19, 

20,39-46,  50,  51,  53,  ,55,  70,  71,  89-96,  104-120,  149, 
155.  167,  168,  185 
see  also  Kederal-aid. 

Perishable  products,  truck  freighting  of. 19 

Permeability  of  soils 57,  ,59,60,  125, 128,  130 

Permits,  see  License  fees. 

Piston  displacement,  motor  vehicle.  - .   1,58 

Pitting  of  concrete -.   .  36-38,66 

Placing  of  concrete. 54,64-69,72,106,  119,  120 

Planes  of  weakness,  concrete  pavements 47, 49 

Planning,  highwav,  see  Improvement. 

Plants,  paving 22,23,29-31,97-103 

Plasticity  of  soils,  plasticitv  index,  plastic  limit, 

pla,stic  range. .52,  58-60, 121-130, 136,  )70(fn),  175 

Population,  traffic  survey  data 2, 

6,  10,  12-16,  18.5, 187, 192, 194-196,  200 
Porosity; 

of  concrete  placed  in  deep  forms 64 

of  soils,  soil  i)ores .59 

Power  and  fuel,  cost  data 23-3 1 

Pressure,  pressures: 

earth  pressure,  r.  to  p .52,  .53,  ,56 

inflation  pressures  of  motor  bus  tires  in  im- 
pact tests 137-140 

pressure  requirements  in  reduction  of  mois- 
ture content  of  soils 59,60 

spring  pressure,  motor  vehicle 1.39 

Pressure  cells 52,56,66 

I'ressure-gage 137(fn) 

Primers,  priming  coats  (bituminous) 91,16!)-176 

Production  data  for  concrete  road  materials 21-31 

Profit  (job)  inroad  construction 22,23,25,28-31 

Programs,  highway  construction,  see  Federal-aid 

— Improvement,  highway    State  highways. 
Property  damage  and  financial  responsibility. . .     155, 

1.56,160-163,165 

Property  tax  (personal)  on  motor  vehicle-s. 15.8 

Proportioning  of  concrete: 

methods  and  proportions  used 25,32-38, 

47,  49,  .53,  65, 105,  1 19, 120,  136,  150.  178.  180,  181 
proportions  of  constituents,  determination  of.      ,54, 
66,67,72,  151,  152 
see  also  Batching  plant. 
Publications,  see  Dibliograiihy. 


Q 


Quarrying,  cost  data.. 
Quartz  powder 


..  21,23-27 
...  128,129 


Railroads  and  transportation  by..  19, 

21,  2.3-26,  28,  30,  31,  55. 1,53,  1.54,  1.57,  1,59-162,  l(i5, 166 

Kamps. 88,97 

Uecii)rocity  provisions  in  motor  vehicle  laws 158, 

159,161,164-166 

Refund  re.serves,  refunds 40,70,  71 

Registration(s)    and    registration    fees,    motor 

vehicle 2, 3, 10- 12, 39. 40,  46, 55, 1 32. 

153-1.5.5,  158,  159,  163, 164  (fn),  187, 192-194,  197-200 

Regulation,  motor  vehicle 5,5,  1.53-168.  200 

Residues  from  tests  of  bituminous  materials. . .  90-96, 

171,176,184 
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!{o-trealments,  bituminous   169-176 

Revenues,  liiglnvay       .    40,5.5,70,71,192,193 

see  also  Kxpeiidilurcs — Kederal-aid. 
Khodc  Island  higliwavs  and  related  data  .  20.  :i9. 

40.  .50.  51.  7(1.  71.  89-96.  KM.  149.  1.56,  160,  167,  168 
.Iff  also  Kederal-aid. 
Rights  of  way.  see  Land  requirements  -Regula- 
tion, motor  vehicle. 
Rigidity,  static,  sic  .'^hearing  resistance. 

Riprap 25 

Roadside  stands,  wholesale. 19 

Rodding  of  concrete 17s 

Rotors,  rotary  trallic. 74  88 

Roughness,  smoothness,  of  roads 48, 

.50,  .54.  137  147.  151.  164  (fn).  169-176, 184 

Routes,  through,  in  United  States     1.5,16 

Rubble.      .-        25 

Rupture,  moduli  of,  of  concrete    .  -  - 33, 

34,.54,  .56. 177-184 
Rural  highways,  .'iff  Kami  freighting     Kederal- 
aid-  Local  roads    Trafllc  studies. 
Rusting  of  steel  reinforcement 119,  120 

.S 

Safetv  (highwav).  safely  zones,  trallic  islands...       45, 
5,5,74-88,  148,  153-167 

Salaries  and  wages.  .     21-31.  3S 

Sand-day  roads,  see   Karth  and  gravel  roads— 
Topsoil. 

Sand  cushion,  use  in  brick  pavement .      1.50 

Sands  and  sandv  soils,  sand  aggregates 21-25, 

32,  .53,  57-63,  65,  72,  98,  105,  121,  125,  128,  151,  1.52. 
169-178,  184. 

Saw,  circular 34 

Scalelike  particles  in  soils 128,136 

Scaling: 

of  concrete,  freezing  test  data 3,5-38 

of  surface  treated  soil  roads 169, 174 

Seal  coats  (bituminous) 169-176 

Segregation: 

of  aggregates..    6,5-67,69,72,120 

of  water  in  concrete  placed  in  deep  forms..  64-69,  72 

Settlement  of  soils,  fill  settlement . .   60, 

129,  130,142,  144.  150 

"Share  expense"  transportation U'<i) 

Shearing  resistance,  sliding  resistance,  of  soils. . .       .5:i. 
58.  121,  12:3-12.5,  129,  KiO 
Shrinkage: 

of  soils,  shrinkage  limit .57-60. 

62,63, 121,  122,  12.5,  129,  130,  170 
,<:ff  also  Contraction—Cracks. 

Sieves  and  sieve  analyses. 32. 

.57,  58,  65,  67,  151,  152, 170,  176,  17S 

Signs  and  signals,  traffic 55. 

73-75,  77-79,  81,  84,  86,  88,  1.56,  163 

Silts  and  silty  soils,  silt  content  of  soils .58. 

59,  65, 125,  127, 130,  136,  170,  178 

Skidding,  nonskid  road 73,  169-176,  181 

Slag 23,32-35,37,  169,  171-176 

Slump  of  concrete 64  (fn),  65, 67-69.  72,  106,  17s 

Smoothness,  road,  .sff  Roughness. 

Softening  of  aggregates  and  of  mortar ;i3-38 

Soil  cla.ssiflcation ,53, 57, 121, 124, 1.30, 136 

Soil  constants.. 53,  57,  ,58, 136 

Soil  grains,  size  and  shape. 128, 129 

see  also  Sieves  and  sieve  analyses. 

Soil  groups,  subgrade 57,58, 170  (fn.),  175 

Soil  layers 60,  1.30 

Soil  profile...   53,60.61 

S<iil  samj>les.  drving  of,  elTect 127,  130 

Soil  tests.... 52,53,121-130,  136 

Solubility  of  bituminous  materials 90-96,  171,  17ii 

South  Carolina  highways  and  related  data.   20, 

39.  40.  .50.  51.  ,53,  70,  71,  89-96,  104,  149,  1.56, 
167-176,  184. 

see  also  Kederal-aid. 
South  Dakota  highwavs  and  related  data 20,  .39. 

40.  .50.  51.  70,  71,  89-96,  104,  149,  1.56,  167.  168 
sec  also  Kederal-aid. 

Spading  of  {'oncrete.  spading  tool 6.5-69.72.  17s 

Spading  of  concrete 35-37 

Span  length  of  concrete  specimen,  elTect  upon 

llexural  strength..       .    1,7-181 

Specific  gravity: 

of  bituminous  materials  and   distillates      .      91. 

92.94.  171 

of  concrete  aggregates .56,6.5.67.  178 

of  soils 58.59,  122,  129 

Sjiecific  viscosity,  .vff  Viscosity. 
Si)eciflcations: 

for  lifjuid  asphaltic  materials 89-96.  104 

for  motor  vehicles,  standardization      ..     ...       166 

Speed,  vehicle     ..       -.. ..-      18, 

41-43,  ,52,  .54,  73-81,  83,  8.5-88,  102,  103,  137,  139 
147,  151,  1.56.  162-164.  166.  167. 
Stability  of  soils,  sec  .\tterberg  .soil  tests-  Stabi- 
lization, 
Stabilization: 

of  ba.se  courses  of  surface-treated  roads   ...  17.5,  176 

of  muck  and  sand  fill 57-63,72 

Slate  governmental  agencies,  tax  exemption  .  39,  70.  1.50 

State  highwavs  and  related  data. 20,39-46. 

.50-5(;.  70.  71,  131-136,  148-1,50,  1.53-176,  184-200 
see  also  Keiieral-ai<l. 

Static  load,  tests  and  r.  to  p. .53. 

54,  10,5-120,  137-139,  14.5-147.  151 
Static  rigidity.  »ff  Shearing  resistance. 

Steel  and  steel  reinforcement,  lie  bars .  21-23, 

28,30,  47-.53.  ,56.  10,5-120 
Sticky    limit    of   soils,    adhesive    properties   of 
soils 121  (text  and  fn.),  128 


Page 
Stockpiles,  material  handling.     21-31,97-103 

Stone: 

refractory  stone.  - .      . 25 

see  also  Aggregates— Cover  material. 

Stop-watch  studies,  time  los.ses 5.5,97-103 

Storage: 

colil-storage  plants 19 

see  also  Batching  plant   -Curing. 

Strain-gages    107-118 

SIrains  in  concrete,  static  and  impact. .   .54, 105, 107-118 
Street  cars,  street-car  tracks  ...  79.82, 149  (fn,),  156,  163 
Streets,  sec  City  streets— Street  cars. 
Strength,  strength  ratios,  .iff  Age-strength  rela- 
tions   Comi>ression  tests  -Klexural  strength- 
Tension. 
Stresses  in  concrete  and  in  sicel  reinforcement . . .       48, 
.53.56.  10.5-120,  137,  164  (fn),  177.  178.  IH3 

Subgrade  studies,  subgrailes 18,23,  47,  48,  51-.53, 

57-63,  72,  121-130,  136,  150,  151,  169-171,  175 

Subways,  pedestrian 79 

Surface  treatment  of  roads,  bituminous         ...       17, 
.53.  104.  136.  141),  169-176.  184 
Surveys,   sec   I/iquid   asjjballic   materials    Sub- 
grade  studies    'I'rallic  studies. 

T 

Tack  coat  in  siirfiuv  treatment  of  road 172 

Tank  for  applii'ation  of  static  loads.. 107, 108 

Tars,  tar  treatment  of  roads ,53, 

54,94.  120,  136,  169-176,  184 

Tax  exem|)tiou,  tax  exempt  vehicles. .     39,  70, 1,50 

Tax;ition,  taxes,  tax  revenues .   ..  23-25, 

27-31,  40,  55,  70,  71,1.50,  1,53,  1,55,  1.56.  158,  160-166 
Taxis,  4'ff  Hiring,  for-hire,  motor  vehicles. 

Teller,  L.  \V.,  (joint  author),  a 105-120 

Temperalure(s): 

air  teriiiieralure,  various  ellects    ...  ,53.  119, 127,  128 
apiilication  temperatures  of  bituminous  ma- 
terials,   cold-patch    mixtures,    hot    nux- 

tures 91,93,95,120,169-176,184 

temperature  corrections 91,  108,  1 18 

testing  temperatures.   ,32-34,90-95,171,176 

Tennessee  highways  and  relateil  data. 20, 

39,  40,  ,50,  52.  .54,  70,  71,  89  96,  104,  149,  1.58,  167,  168 
see  also  Kederal-aid. 

Tension,  tensile  strength,  tensile  stresses 32, 

,53,  .54,  ()5,  105,  109-120, 139,  178,  183 

Terzaghi  soil  stu<lies .52.  .53.  121  (fn),  124, 128,  136 

Tests  and  testing  ai)paratus,  sec  names  of  tests,  names 
of  materials  tested,  and  names  of  kinds  of  appa- 
ratus. 
Texas  highways  and  related  data  .   1 9,  20, 39,  40,  .50,  ,52, 
.56,  70,  71,  89-96,  101,  149,  1,53,  160,  162,  167,  168 
see  also  Kederal-aid. 

Thawing  of  concrete , 32-38 

Theft  of  motor  vehicles,  ant  it  heft  legislation  ...   1.5,5,  163 

Thickness,  pavement  and  road  surface   ... 47-50, 

120, 136,  176 

Tie  bars  .   ...    .  .     .. 51,, 52 

Time  data,  stoi)-watcli  studies. 55,97-103 

Tires,  motor  vehicle 54, 

110,  111,  132,  137   141,  150,  151,  157,  164,  167,  168 

Topsoil  roads,  surface  treatment, 169-176,184 

Toughness  of  soils,  toughness  index 121,  124,  125 

Tourist  traffic  in  Michigan ...   18,5.  186,  197  200 

Tow  nship  highways,  see  Local  roads. 

Tractors,  road.  .  39.40.154.157,160,168,200 

Trallic  circles  and  .squares,  rot ary  traffic 73-88 

Trallic  congestion 41-4.5,74,86,103.  131.  132.1.59.  160 

Traffic  corit  rol .    .55.  73-77.  88.  1.53-168.  200 

Traffic  lanes 41-49,7.3-88,  148,  149 

Traffic  St  udies,  traffic  surveys  and  data  from 1-19, 

41-46,  55,  75,  76,  79,  81,  83,  103,  104,  120,  131-136, 
148,  151,  1.53-168,  175,  184-200. 
'I'rallic  variations  (sea.sonal,  holiday,  time  of  day)        6, 
11,16,41-43,83,  187,  189 

Trailersand  semitrailers,  motor  vehicle.  .      39, 

40,  103,  1.54.  157.  1.58.  160.  163.  167.  168.  189,  2(M) 
Transiiorlation,  sic  headings  beginning  Traffic— 
also    Kami    freighting    Motor    vehicles 
Railroads. 

Trap  rock  concrete..       .   .   .    32-38,136 

Trap  rock  screenings,  u.se. -       120 

Trucks,  motor,  sec  .Motor  vehicles. 

Trueness.  sm-face 48,  .50 

sec  also  Roughness. 

Turning  roads     .74,87,88 

Tuttle,  L.  S.,  (joint  author),  a .   .  73-8S 


II 

I'nemployment,    relief   through    highway   con- 
si  ruction.. -       .21-: 

t'niformity: 

of    concrete    (composition,    strength,     test 

results) 49,54.64.67  69,72,17 

of  soil  mixture  as  affecting  licpiid  limit  deter- 
minations.   126,12' 

Unloads,  motor  truck  .  . 

Utah  highwavs  and  related  data.   

20,  39,  40,  ,50,  ,52,  70,  71,  89-96,  104.  149.  1.55,  16 
sec  also  Kederal-aid. 


r-184 

r,  130 

19 
I- 18, 

r,  168 


Vegetables,  transportation  bv  motor  triic-k  .    19,  .55 

Vehicle  Code,  Uniform     ..  ...161,163  165 

Vehicle  miles,  sec  Mileage  dala. 
Vehicles,    motor,   see    .Motor    vehicles— Vehicle 
Code. 
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Vermont  highways  and  related  data 20, 

39,  40,  50,  52,  55,  70,  71,  89-96,  104,  132,  149,  155, 
156,  167,  168. 
see  also  Federal-aid. 
Vibration  method  of  placing  of  concrete,  effects.       54, 
64-69,72,106,119,120 

Vibrators.- 64-66,72,106 

Virginia  highways  and  related  data.. 19, 

20,  39-46,  50,  52,  54,  70,  71,  89-96,  104,  148,  149, 
156,  160,  167,  168,  185. 
see  also  Federal-aid. 

Viscosimeters  _ --. _ 90-93 

Viscosity: 

of  bituminous  materials,  viscosity  tests 90-94, 

169-174,  176,  184 

of  soils,  viscous  flow 121  (text  and  fn),  124 

see  also  Liquid  limits. 

Voids,  voids  ratios 59, 123, 129, 178 

Volatilization,  volatilization  loss,  of  bituminous 

materials 90,92,93,95,96,176 

Volume  change: 

in  concrete  aggregates  during  freezing 38 

in  soils,  volume  determination,  volumetric 

change 48,59,121,122,125,128 

Volume  of  trafhc,  see  Traffic  studies. 

W 

Wages --- - 21-31.. 3S 

Washing  machine  for  concrete 151-152 

Washington,  D.C.,  see  District  of  Columbia. 
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Washington  (Slate)  highways  and  related  data..   1-18, 
20,  39,  40,  50,  52,  55,  70,  71,  89-96,  104,  149,  155, 
167,  168. 
see  also  Federal-aid. 

Watch  glasses 126 

Water,  see  headings  beginning  Water— a/so  Capil- 
larity —  Consistency  —  Drainage  —  Evapora- 
tion —  Liquid  limits  —  Moisture  —  Moisture 
equivalent— Plasticity— Shrinkage. 

Water-cement  ratio(s)  of  concrete. __ 34, 

38. 54, 65-67, 69, 72, 105, 106, 119, 178, 180 
see  also  Proportioning. 
Water  gain  in  concrete  placed  in  deep  forms.  64-69, 72 

Water-logging  of  soils _ 58 

Weakness,  planes  of 47,49 

Wear,  wear  tests: 

of  concrete  aggregates _ 32-37, 178 

wear  of  roads,  see  Condition  data. 
Weather,  see  Climatic  conditions— Humidity- 
Weathering. 
Weathering: 

of  concrete  and  of  aggregates 35,36,38,64 

of  surface  treated  roads  and  of  materials  for..      176 
Weighing  operations  in  paving  work,  see  Mate- 
rial handling. 
Weight  calculations,   weight  data   (miscellane- 
ous)   33,37,49,65-67,91,105,106,110,120,151,178 

Werner,  George,  (joint  author),  a 32-38, 104 

West  Virginia  highways  and  related  data 19, 

20,  39,  40,  50,  52,  53,  70,  71,  89-96,  104,  149,  167,  168 
see  also  Federal  aid. 
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Westchester   County,   New   York,   intersection 

designs 83-86 

Western  States: 

traffic  survey... 1-18,55,154,155,164  (fn) 

see  also  names  of  States. 
Wheel  loads,  see  Impact  machine — Static  load. 

Width  of  highways,  widening  of  highways 6, 

10,  20  (fn),  45,  47,  48,  50,  74-88,  104,  148,  149,  164, 
169,  186,  187,  193. 

Williamson,  J.  S.,  (joint  author),  a 169-176, 184 

Willis,  E.  A.,  (joint  author),  a.,  r.  to  p...  57-63,  72, 13R 

Wisconsin  highways  and  related  data 10, 

20,  39,  40,  50,  52,  70,  71,  89-96,  104,  149,  156,  167, 
168,  197,  198. 
see  also  Federal-aid. 

Workability  of  concrete  for  bridge  floor  slabs 120 

Workmen's  compensation. 29 

Wyoming  highways  and  related  data 1-18, 

20,  39,  40,  70,  71,  89-96, 104, 149, 155, 167, 168 
see  also  Federal-aid. 

Y 

Yard  layouts  in  concrete  paving  work.. 97-103 

Yellowstone  Park,  traffic  in 6 

Z 

Zones,  safety,  see  Safety. 

Zoning  regula t ions 87 
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